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EXAMINATION     PAPERS 

1  FOB 

SCIENCE  SCHOOLS  AND  CLASSES. 

Mat  and  Junb,  1886. 


SUBJECT  I.    PRACTICAL  PLANE  AND  SOLID 
GEOMETBY. 

Examiner,  CAPTAIN  G.  S.  CLARKE,  R.B. 


General  Instructions. 
If  the  niles  are  not  attended  to,  the  paper  will  be  cancelled. 

You  may  take  the  Elenientary,  or  the  Adyanoed,  or  the 
Honours  paper,  hat  joa  most  confine  yourself  to  one  of  them. 

All  figures  must  he  drawn  on  the  single  sheet  of  paper  sup- 
plied, for  no  second  sheet  will  he  allowed. 

The  constmctions  may  he  left  in  pencil,  provided  they  are 
distinct  and  neat,  and  that  the  constmction  lines  are  shown. 
They  mnst  he  strictly  geometrical  and  not  the  result  of  calcula- 
tion or  trial.  In  the  absence  of  those  lines  which  are  essential 
to  a  correct  solution  no  marks  will  he  awarded,  however  correct 
the  result  may  appear. 

liines  parallel  or  perpendicular  to  others  may  be  drawn 
mechanically  without  showing  any  construction,  fanes  may  be 
bisected  by  trial. 

A  single  accent  (<)  signifies /ee^;  a  donbja  accent  (")  inohes, 

Pat  the  numbpr  of  the  question  before, yopr  ^ipoawen . . . 

Yon  are  to  confine  your  answers  strictly  to  the  questions 
proposed.  ....    w,^.     .    .    .^     •  , 

Questions  marked  (^)/have  a^poo^^imtig  diagrami^.,.,  . 

X  onr  name  is  not  giVen  ,tp' the  Examiner,  jwid^yQU  .fire  for- 
bidden to  write  tO  him  eib6ut  y^r  answers.        /  •' 

The  examination  in  thii  subject  lasts  for  four  lumrs, 
•  •  •  »'   '     ■  /       ■'      ■  '     I 

Tirst  Stage  or  Elementary  Examination. 

Instructiovs.  '.     • 
Bead  the  G^eral  Instructions  above. 


*  Only  eight  questions  are  to  be  attempted. 

A. 

Plane  Oeomdry. 

*1.  The  lioe  ah  represents  3^.9".  Construct  a  scale  reading 

indbes  and  showing  I0^0'^  The  scale  to  be  correctly 
figured.  (8.) 

(4698)  A  % 
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4  L— PRACTICAL  PLANE  AND  SOLID  GEOMETRY. 

2.  GoxiBtriiot  a  square  of  2|"  side,  and  through  an  angle 

draw  a  line  cutting  off  one-third  of  its  area.  (8.) 

*3.  Describe  a  circle  touching  the  given  line  a6  in  c,  and 
passing  through  the  given  point  p.  (8.) 

Solid  Oeometry, 

4.  Represent  by  their  traces : — 

a.  Two  planes  at  right  angles  to  each  other  and  to  the 
vertical  plane  of  projection,  and  one  of  them  inclined 
at  40°  to  the  horizontal  plane. 

h.  Two  parallel  planes  not  at  right  angles  to  either  plane 
of  projection.  (o*) 

5.  Draw  the  trace  of  a  plane  parallel  to  and  2\"  above  the 

horizontal  plane,  and  determine  the  projections  of  a  point 
in  this  plane  3^"  from  the  ground  line.  (10.) 

*6.  Obtain  the  projections  of  two  points  P  and  Q  on  the  given 
line  a&,  alV  ;  such  that  P  is  r4"  from  the  vertical  plane, 
and  Q  2!'  &om  the  horizontal  plane.  Determine  and 
write  down  the  real  length  of  the  line  PQ.  (10.) 

*7.  ab  is  the  plan  of  one  side  of  an  equilateral  triangle  lying  in 
the  given  plane.  Complete  the  plan  and  draw  the  eleva- 
tion of  this  triangle.  (l^^O 

*8.  The  plan  ahcn  of  a  triangular  pyramid  standing  on  the  hori- 
zontal plane  is  given.  The  vertex  of  the  pyramid  is  in 
the  given  plane  man.  Draw  the  elevation  of  the  pyramid 
and  also  a  section  on  the  line  muy  (12.) 

9.  Draw  the  {>lan  of  a  hezaffon  of  1^"  side  in  any  position, 
such  that  its  plane  is  neiuier  horizontal  nor  vertical. 

(12) 
*10.  The  T  square,  supposed  to  have  no  thickness,  rests  with 
the  angles  a  and  6  on  the  honzontal  plane  and  its  own 
plane  is  vertical.    Draw  an  elevation  on  a  plane  making 
85°  with  the  plane  of  the  T  square.  (12.) 

*11.  a&,  a'h'  are  the  projections  of  a  given  line ;  cd  is  the  plan, 
and  p'  a  point  on  the  elevation  of  a  second  line  inter- 
secting the  first.  Determine  the  traces  of  the  plane 
containing  the  two  lines.  (l^O 

*12.  The  plan  and  elevation  of  a  simple  solid  are  given.  Draw 
an  elevation  on  a  line  parallel  to  x^y-^,  (1^0 

*13.  Make  a  sectional  elevation  of  the  solid  (Question  iS)  on  the 
line  AB.  (16.) 

Oraphio  Arithmetic. 

*14.  The  given  line  a  represents  the  product  of  the  lines  b  and  c. 

Determine  and  write  down  the  length  of  the  unit. 

(10.) 
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L— 4>RAGTIGAL  FLANE  AND  SOUD  GEOMETRY.  5 

15.  Taking  one-third  of  a  (Question  14)  as  unit,  detonnine 
a  line  representing  •^.  (10.) 


Second  Stage  or  Advanced  Examination. 

iNSTBUCnONB. 

Bead  the  General  Instmctions  at  the  head  of  the  Elementary 
paper. 
Only  eight  questions  are  to  be  attempted. 


B. 

Plane  Qeomekry. 

21.  Two  points  a,  &  are  3f  miles  apart.  Determine  the  position 

of  a  point  p,  snc&  that  va  is  1ft  miles,  and  the  angle  aph 
ly.    Scale  r  =  li  miles.  (14.) 

22.  Two  circles  of  1-8"  and  2*75"  diameter  have  centres  2*6" 

apart.  Two  rods  oo,  oh,  2*3"  and  3*2"  long,  jointed  at  o, 
are  tangents  to  the  circles  respeciively  touching  them  at 
the  extremities  a,  h.  Draw  the  rods  in  all  possible  posi- 
tions. (1^) 
*23.  Beduce  the  given  figure  acdefgh  to  a  trapezium  with  ai  as 
baseband  its  two  parallel  sides  as  aa'  and  bh\        (16.) 

Solid  Qeometry, 

24.  Two  points  a,  6,  on  the  ground  line  are  2^"  apart.  A  point 
P  is  2\"  from  a,  2J"  from  6,  and  IJ"  from  the  vertical 
plane.     Obtain  its  projections.  (16.) 

*25.  Determine  a  plane,  bisecting  the  angle  between  the  two 
given  planes.  (18.) 

•26.  Two  lines  are  given  by  their  figured  plans.  From  the 
point  p  on  one  of  them  draw  a  Kne  2|''  long  terminating 
on  the  other.  (20.) 

•27.  The  Maltese  cross  rests  with' the  point  h  on  the  horizontal 
plane.  Its  plane  is  inclined  at  40  ,  and  the  edge  ao  at  35**. 
Draw  the  plan  and  also  an  elevation  on  a  plane  parallel 
to  the  plan  of  ac.  t^^O 

28.  A  right  cone,  height  A!',  diameter  of  base  3",  stands  on  the 
horizontal  plane.  A  point  starting  from  the  base  of  the 
cone  moves  round  its  surface  at  a  uniform  speed,  and 
rises  half  the  height  of  the  cone  in  turning  round  to  cut 
the  generatrix  from  which  it  started.  Draw  the  plan 
and  an  elevation  of  the  curve  traced  by  the  point. 

(86.) 
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6  L— *FRAGTIOAL  PLANE  AND  SOLID  OEOMSTRT. 

*29.  The  plans  of  the  edges  of  a  four-&oed  right  prism  ^ 
horizontal  axis  are  given.  The  prism  is  penetrated 
vertical  square  prism  2{"  high.  Draw  an  elevation 
plane  pandlel  to  the  axis  of  the  horizontal  prism,  she 
the  invisible  portions  of  the  intersection  bv  dotted  . 
(Unit  01").  (a 

*30.  The  plan  of  a  right  cylinder  and  of  a  sphere  are  given, 
right  cone,  diameter  of  base  2^",  height  3 j:",  stands  oi 
horizontal  plane  and  touches  both  cylinder  and  sp 
Draw  its  plan  and  show  the  points  of  contact.        (2« 

*31.  Make  an  isometric  view  of  the  bolt  head,  the  elevation 
half  plan  of  which  are  given.  (N.B.— An  isometric  i 
is  not  to  be  used.  Lengths  to  be  transferred  direct : 
the  ^ven  figure  to  the  isometric  lines.)  (2( 

*d2.  The  plan  and  elevation  of  a  desk  are  given.  Draw  a  f 
elevation  on  a  line  parallel  to  mfi.  (28 

*33.  Make  a  sectional  elevation  on  AB  of  the  desk  (Question 

(28 

Oraphie  8tatic$, 

*34i.  A  force  of  14\  lbs.  acts  along  the  given  line  ah.  Deters 
by  construction  what  force  acting  along  cd  will  have 
same  moment  about  P.  (18) 

35.  Three  forces  of  11,  19|  and  26  lbs.  act  at  a  point  P  in  at 
directions  that  their  resultant  is  nil.  Draw-  lines  rep 
senting  the  forces  in  direction  and  magnitude.       (18.) 


Honours  Examination. 

Instbuotions. 


Bead  the  General  Instructions  at  the  head  of  the  Elements 
Paper.     Only  eight  questions  are  to  be  attempted. 


C. 

Plans  Qefymeiry. 

•41.  aho  is  a  hoop  within  which  revolves  a  circular  disc  turning 
about  A  as  centre ;  (ig  is  a  rod  rigidly  attached  to  tht 
hoop  at  d ;  the  point  q  can  only  move  along  the  lini 
Ag[.    Trace  the  locus  of  the  point  p.  (40.) 

•42.  Draw  a  curve  representing  the  velocity  of  the  point  g 
(Question  41)  at  all  positions  alont^  its  path.  •       (40.) 

*43.  Construct  an  equilateral  triangle  which  has  one  angle  at 
the  point  h  on  the  given  line  oh  and  the  remaining  angles 
on  oa  and  oo  respe^vely.  (35-) 
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86Ud  €h(metry. 

*44.  The  giTea  triasgle  represents  the  plan  of  one  of  the  isosceles 
triaogles  which  make  up  an  ootagon.  Complete  the  plan 
and  determine  the  side  of  the  ootogon.  (40.) 

*45.  The  giren  figure  represents  in  isometric  projection  three 
eqnal  rods,  a6,  ci,  ef  (2"  long),  snch  that  a5  and  ^are  at 
right  angles  to  cd,  and  the  plane  containing  ab  and  ed  is 
at  right  angles  to  ef.  Draw  the  plan  and  any  elevation 
of  the  rods,  a  and  e  being  in  the  horizontal  plane,  and  od 
inclined  at  30^  (40.) 

*46.  oo,  66,  are  the  horiaontal  traces,  and  ii  is  the  plan  of  the 
intersection  of  two  planes  at  right  angles  to  each  other. 
Determine  atibird  phne  cutting  them  in  two  lines  includ- 
ing an  angle  of  50^,  and  having  2m  as  its  horizontal  trace. 

(45.) 

*47.  Draw  the  plan  of  the  inscribed  sphere  of  the  given  tri- 
angular pyramid.    Unit  0*1".  (45.) 

*48.  A  series  of  pairs  of  lines  drawn  from  p  and  q  meet  on  the 
surface  of  the  g^ven  sphere,  and  each  pair  makes  equal 
angles  with  the  normal  at  the  point  of  meeting.  Titice 
the  locus  of  the  point  of  meeting  for  a  short  distance,  and 
determine  the  two  lines  fulfilling  the  above  condition,  and 
the  sum  of  whose  length  is  the  minimum  possible. 

(55.) 

*49.  The  plan  of  a  right  cylinder  is  given.  A  sphere  2^"  in 
diameter  rolls  on  the  horizontal  plane  always  touching 
the  cylinder.  Draw  the  plan  of  the  locus  of  the  point 
of  contact.  (50.) 

50.  Two  equal  right  oones,  heiffht  If,  diameter  of  base  2^", 
have  a  common  vertex.  One  cone  rolls  upon  tiie  other 
which  stands  on  the  horizontal  plane.  Draw  the  plan  of 
the  curve  described  in  one  revolution  by  a  point  on  the 
base  of  the  rolling  cone.  (50.) 

*51.  Determine  the  outline  of  the  shadow  cast  by  the  table  on  the 
horizontal  plane ;  the  rays  of  light  being  parallel  to  the 
one^  the  pboi  and  elevation  of  which  are  given.     (55.) 

♦52.  Draw  a  perspective  view  of  the  table.  The  ground  line  of 
the  picture  plane  is  the  line  ab.  The  station  point  is 
opposite,  and  5^"  from  a.  The  horizon  is  2^  times  the 
height  of  the  table.  (60.) 

Oraphdc  Statics. 

♦53.  Forces  having  the  given  magnitudes  and  directions  act  on 
the  horizontal  b^un  AB.  l)etermine  the  point  about 
which  the  beam  will  balance.  (40.) 
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8  L— PR/IOTIOAL  PLANE  AND  SOLID  GBOMETRT. 

*54.  Aload  to  of  250  lbs.  is  suspended  from  the  end  A  of  a  beam 
AB  supported  at  B.  (1)  Determine  the  position  which 
must  be  given  to  a  tie  AC,  such  that  it  wiU  hold  AB  in 
the  given  position,  and  that  the  stress  it  will  have  to  bear 
has  the  same  intensity  as  that  in  AB.  Write  down  the 
amoiAit  of  this  stress.  (2)  What  position  *mnst  be  given 
to  AB  and  AC  such  that  the  stresses  in  both  are  If  times 
the  load  top  (40.) 


SUBJECT  n.   MACHINE  GONSTBUGTION  AND 
DRAWING. 

ExAMiKEBS,  Pbof.  T.  A.  HEABSON,  M.Inst.C.E.,  and 
J.  HARRISON.  Esq.,  M.In8T.M.B. 


OeVebal  Instbuotions. 
If  the  mles  are  not  attended  to,  the  paper  wHl  be  cancelled. 

Yon  may  take  the  Elementary,  or  the  Advanced,  or  the 
Honours  paper,  bnt  yon  must  confine  yourself  to  one  of  them. 

Put  the  number  of  the  question  before  your  answer. 

You  are  expected  to  prove  your  knowledge  of  machinery,  as 
well  as  your  power  of  drawing  neatly  to  scale,  You  are  there- 
fore to  supply  details  omitted  in  the  sketches,  to  fill  in  parts  left 
incomplete,  and  to  indicate,  by  diagonal  lines,  parts  cut  by  planes 
of  section. 

Where  more  than  one  view  of  the  same  subject  is  drawn,  no 
credit  will  be  given  unless  the  different  views  are  properly  pro- 
jected one  from  the  other.  The  centre  lines  should  be  clearly 
drawn.     The  figured  dimensions  need  not  be  inserted. 

Your  answers  should  be  clearly  and  cleanly  drawn  in  pencil. 
No  extra  marks  will  be  allowed  for  inking  in. 

All  figures  must  be  drawn  on  the  single  sheet  of  paper 
supplied,  for  no  second  sheet  will  be  allowed. 

The  value  attached  to  each  question  is  shown  in  brackets 
after  the  question.  A  full  and  correct  answer  to  an  easy  question 
will  secure  a  larger  number  of  marks  than  an  incomplete  or 
inexact  answer  to  a  more  difficult  one. 

Your  name  is  not  given  to  the  Examiners,  and  you  are 
forbidden  to  write  to  them  about  your  answers. 

You  are  to  confine  your  answers  strictly  to  the  questions 
proposed. 

A  single  accent  (')  signifies /ee^;  a  double  accent  (")  inches. 

The  examination  in  this  subject  lasts  for  four  hours. 
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Firat  Stage  or  Blementaiy  EzaminatioiL 

Instbuctions. 
Bead  the  (General  Instrnotioxui  above. 

Answer  brieflj  any  three,  bat  not  more  than  three,  of  the 
following  questions,  and  draw  two,  but  not  more  than  two,  of 
the  examples. 

Q^est^ons, 

(a.)  Give  sketches  showing  how  the  cutting  tool  of  a  lathe  or 
other  machine  is  secured  in  place.  (6.) 

(&.)  Make  a  sketch  of  a  stud ;  describe  how  it  is  screwed  into 
place,  and  state  some  circumstances  under  which  it  is 
used  in  preference  to  a  bolt.  (6.) 

(c.)  Oire  sketches  showing  one  method  of  attaching  the  valye 
rod  to  an  ordinary  slide  valve.      •  (6.) 

(d.)  Sketch  a  connecting  rod  end  with  strap,  gib,  and  cotter. 
Explain  the  use  of  the  gib.  (10.) 

(p.)  Explain  the  use  of  the  qaadrant  for  change  wheels  for  a 
6crew«cutting  lathe  shown  in  example  1,  by  making  a 
sketch  showing  it  in  place  on  a  lathe  with  wheels  in  gear. 

(10.) 

(/.)  Sketch  one  form  of  hanger  suitable  for  supporting  mill 
shafting.  (10.) 

Examples  to  be  Drawn, 

Diagram  D. 

1.  Qaadrant  for  change  wheels  for  screw-cutting  lathe.    Draw 

the  two  views  shown.    Scale  half  size.  (35.) 

2.  Crank-shaft.  Draw  the  two  views  as  shown,  partly  in  section. 

Scale  1  full  sijEe.  (35.) 

3.  Ball  bearing  for  Tricycle.    Draw  the  two  views  as  shown, 

partly  in  section.    Draw  full  size.  (35.) 


Second  Stage  or  Advanced  Examination. 

IVSTBUCTIOKS. 

Bead  the  General  Instructions  above. 

Answer  briefly  any  three,  but  not  more  than  three,  of  the 
following  questions,  and  draw  the  example  given. 

(g,)  Oive'sketches  and  a  description  of  an  adjustable  spanner. 

(15) 
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(h.)  Show  two  forms  of  continaoas  lubrioators  for  boarin  C 1   j^M  Ei 
describe  their  action.  i 

(k,)  Give  sketches  of  a  mortice  spur  wheel  showing  the  * 
the  rim  and  of  the  teeth,  and  the  method  of  £xh 
latter.  ( 

({.)  Make  sketches  showing  the  method  of  joining  the  plai 
a  cylindrical  boiler  at  a  point  where  a  longitudinal 
meets  a  ring  joint.  (i 

(m.)  Wliat  materials  should  be  used  in  the  construction  ( 
excentrio  shown  in  diagram  E  ?  How  is  the  wear  < 
exoeutric  taken  up  ?  State  the  efEeot  of  this  adjust 
on  the  length  of  the  rod,  and  how  it  maj  be  oorrecti 

(n.)  The  wheels  of  the  back  gear  of  a  lathe  have  50  am 
teeth  respectiyelj,  the  pitch  being  the  same  in  i 
The  smaller  wheel  on  the  lathe  mandril  has  18  te 
what  number  of  teeth  should  the  larger  wheel  have  ?ti        Zl 
the  mandril  makes  100  revolutions  per  minute  with  ~Z"'IS-.V' 

back  wheels  out  of  gear,  how  many  revolutions  per  mil — '- — ^ 

will  it  make  with  the  back  gear  in,  the  position  and  sf  Jk^Q 

of  the  belt  being  unaltered  r  (20.  •  <1 

Example  to  he  Drawn, 

Diagram  E. 

Allan's  Straight-link  Reversing  G^earfor  Steam  Engine.  Dr. 
the  two  views  shown,  and  add  an  end  section  through  the  cen*. 
of  the  link.    Draw  to  a  scale  of  \  full  sise.  (140.) 


Honours     xamination. 

iHSTBUOTtONB. 

Bead  the  General  Instructions  above. 


-jBm 


You  are  permitted  to  answer  only  eight  of  the  following 
questions. 

The  sketches  required  in  answer  to  these  questions  may  be  in 
pencil,  and  need  not  be  drawn  to  scale,  but  should  be  neat  and 
in  good  proportion.  The  written  answers  must  be  in  ink,  and 
may  be  written  on  foolscap  paper,  which  can  be  obtained  on 
application  to  the  superintendents  of  the  examination.  Each 
sketch  should  be  made  in  immediate  connection  with  the  answer 
to  "Vf^ch  it  refers. 
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11 


41.  An  ezperiioMit  is  made  on  the  tensile  strength  of  a  bar  of 

soft  steel  in  the  following  manner : — The  load  is  gradually 
increased  to  near  the  breaking  point,  it  is  then  gitulnaliy 
removed,  and  gradually  re-applied  until  the  specimen 
breaks.  A  self-recording  apparatus  is  used  which  traces 
a  diagram  showing  the  relation  between  the  extensions  of 
the  bar,  and  the  corresponding  loads.  Sketch  this 
diagram  and  describe  its  most  important  features.  (25.) 

42.  In  a  single-riveted  lap  joint  exposed  to  tension,  determine  the 

diameter  and  pitch  of  the  rivets  in  terms  of  the  thickness 

of  plate,  and  the  three  stresses  f  ^  f  and  /^, 
where  f  =  intensity  of  stress  on  material  of  plate, 
,  „  „  rivet. 

,,  bearing  pressure  estimated  on  a 

diametral  section  of  rivet. 
Find    the    diameter    and  pitch  for  Y  plates  when 

y  =  30,  y  =  22,  andyi  =  42  tons  per  square  inch,  and 

estimate  the  efficiency  of  the  joint.  (25.) 

A  foundation  bolt  with  a  square  end  is  secured  by  means  of 
a  cotter  as  shown ;  determine  the  dimensions  marked 
i>,  h^  and  t,  in  terms  of  the  diameter  d,  in  order  that  the 
shearing  stress  on  ^the  cotter  may  be  three-fourths,  and 
the  intensity  of  the  bearing  pressure  on  the  cotter,  twice 
the  tensional  stress  on  the  bolt.  (25.) 


43. 


I L 

J 
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44.  Distingaisli  between  the  stiffness  and  the  strength  of  a 

portion  of  a  machine  or  stmctnre.  Explain  why  the 
transyerse  load  which  maj  be  imposed  on  the  parts  of 
a  stmcture,  the  transverse  dimensions  of  which  are  small 
relatively  to  their  length,  shonld  be  proportional  to  the 
fourth  power  of  the  transverse  dimensions,  whilst  on  parts 
with  comparatively  large  transverse  dimensions  the  load 
applied  should  vary  as  the  cube.  (25.) 

45.  Give  outline  sketches  showing  the  various  ways  in  which 

long  pillars  are  liable  to  yield  under  a  load. 

Quote  a  formula  for  the  strength  of  a  steel  connecting 
rod,  and  determine  the  diameter  of  one  10  feet  long,  for 
an  engine  in  which  the  maximum  load  on  the  piston  is 
70  tons.  (25.) 

46.  Assuming  the  formula  for  the  moment  of  resistance  of  a 

cylindrical  shaft  to  torsion,  obtain  an  expression  for  the 
diameter  of  shaft  to  transmit  a  given  horse-power  with  a 
given  number  of  revolutions  per  minute. 

Compare  the  weight  of  shafting  in  a  twin,  with  that  in 
a  single-screw  ship  neglecting  the  couplings,  the  lengths 
of  the  shafts  and  the  horse-power  being  the  same  in  each 
ship,  and  the  speed  of  rotation  of  each  twin  screw  being 
25  per  cent,  more  than  that  of  the  single  screw.     (25.) 

47.  State  a  formula  which  will  represent  the  results  of  Wohler's 

experiments  on  the  repetition  of  loads. 

Compare  the  diameters  of  the  shafts  of  two  engines, 
the  power  transmitted  and  revolutions  of  each  being  the 
same;  in  one  the  twisting  moment  fluctuates  between 
1^  and  I  the  mean,  and  in  the  other  between  twice  and 
I  the  mean.  (25.) 

48.  Determine  the  horse-power  which  may  be  transmitted  by  a 

leather  belt  5"  wide,  J"  thick,  running  at  a  speed  of  60 
feet  per  second,  the  tension  on  the  loose  side  being  -^  of 
that  on  the  tight  side  of  the  belt,  and  the  stress  allowed 
being  275  pounds  per  square  inch.  (20.) 

49.  Make  outline    sketches  showing  two    methods  by  which 

revolving  cranes  are  prevented  from  upsetting.      (20.) 

50.  Give  sketches  and  a  description  of  Brotherhood's  or  some 

other  flexible  coupling  for  shafts.  (20.) 

51.  Describe  with  sketches  Professor  Fleeming  Jenkin's  nest 

gearing,  and  point  out  the  advantages  possessed  by  it. 

(20.) 
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52.  Make  sketches  of  and  describe  the  Worthisgton  steam  pump 

or  some  other  steam  pomp  in  which  no  rotating  shaft  is 
employed.  (25.) 

53.  Explain  the  advantage  to  be  deriyed  from  making  the 

length  of  stroke  of  an  hydraulic  engine  adjustable. 
Describe  and  give  sketches  of  a  construction  for  this 
purpose.  (25.) 

54.  Describe  in  detail  the  process  of  forging  and  machining 

a  slotted  link  like  that  used  in  Stephenson's  link-motion 
for  reyersing  engines.  (^0 


SUBJECT  n.    MACHINE  CGNSTBUCTIGN  AND 
DRAWING. 


Honoors  Examination.— Work  to  be  done  at  Home. 

iKSTEUCnOHS. 

TkU  paper  is  to  he  toorked  by  the  Candidate  at  home.  The 
drawings,  ^,y  are  to  he  sent  hy  post  to  the  Secretary,  Science  and 
Art  Department,  on  or  he/ore  the  19th  of  June.  They  need  not  be 
prepaid.  The  drawings  should  he  as  fully  detailed  as  possible,  and 
carefully  dimensioned.  Some  mnrks  toill  he  allowed  for  inking-in 
ajid  colouring,  hut  more  credit  will  he  attached  to  good  proportion 
and  fulness  of  detail.  Also  marks  wiU  he  given  for  notes  and 
calculations  clearly  expressed. 

The  subject  for  design  is  an  Over-head  Travelling  Crane  for  a 
span  of  40  feet  to  lif  fc  10  tons.     It  is  to  be  worked  by  power 
derived  either  from  a  tumbler  shaft,  or  high  speed  rope ; 
but  the  construction  must  be  such  that  hand  power  may 
be  used  when  desired. 
The  two   main   beams  are  to  be  wrought-iron  fish-bellied  box 
girders ;  a  transverse  section  through  the  centre  of  span  is 
shown  on  accompanying  diagram  F,  with  some  dimensions. 
These  are  to  be  adhered  to. 
(a)  Estimate  the  thickness  of  plates  and  angle  irons  of  girdei, 
and  the  maximum  stress  at  the  centre  and  at  quarter  span. 
(6)  Make  a  general  drawing  without  details, 
(c)  Show  on  a  second  drawing  to  a  scale  of  14  inches  to  the 
foot,  the  arrangements  for  lifting  to  a  height  of  20  feet,  at  two 
speeds^  in  the  proportion  of  6  to  10. 

{d)  On  a  third  drawing,  show  the  arrangements  for  trans- 
verse travelling. 

(e)  On  a  fourth  drawing,  show  the  arrangements  for  longitu- 
dinal travelling. 
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(/)  Give  the  speed  of  shaft  or  rope,  the  speeds  of  lifting' 
travelling,  and  make  an  estimate  of,  the  stress  on  shaft  or  i 
when  liftm^  and  travelling. 

Credit  will  bo  given  for  other  calcnlations. 

The  folhwvng  voticher  must  he  signed  and  returned  with 
worked  drawings : — 

I, . 

hereby  certify  on  my  honour  that  the  drawings  sent  in  by  i 
for  the  Honours  Examination  in  Machine  Gonstrnction  a 
Drawing,  have  been  wholly  done  by  me,  and  without  assiBtat 
from  any  person. 

(Signed)_^ . 

No. 


The  above  namber  must  be  quoted  on  each  separate  sheet 
drawings  worked  by  yon. 


SUBJECT    m.    BUILDINO   GONSTBUGTION. 

ExAMiNBB,  COLONEL  SEDDON,  B.E. 


Gbksral  Instbuotions. 
If  the  mles  are  not  attended  to,  the  paper  will  be  cancelled. 

You  may  take  the  Elementary  or  the  Advanced  or  the  Honours 
paper,  but  you  must  confine  yourself  to  one  of  them. 

Your  name  is  not  given  to  the  Examiner,  and  you  are  for- 
bidden to  write  to  him  about  your  answers. 

All  figures  must  be  drawn  on  the  single  sheet  of  paper 
supplied,  for  no  second  sheet  will  be  allowed. 

All  drawings  must  show  a  correct  knowledge  of  construction. 
Neat  and  accurate  drawing  to  scale  is  required.  Where  only 
sketches  are  asked  for  ttie  proportions  must  be  approximately 
correct,  though  extreme  accuracy,  as  in  drawings  to  scale,  is 
not  necessary.  The  drawings  may  be  left  in  pencil,  provided 
they  are  distinct  and  neat  No  extra  marks  will  be  allowed  for 
inlong  in. 

You  are  to  confine  your  answers  strictly  to  the  questions 
proposed. 

Put  the  number  of  the  question  before  your  answer. 

Answers  in  writing  must  be  as  shoi*t  and  clearly  stated  as 
possible,  and  close  to  any  figures  to  which  they  may  refer. 

The  value  attached  to  each  question  is  shown  in  brackets  aftei 
the  question.     But  a  full  and  correct  answer  to  an  eMy  question 
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will  in  all  cases  secare  a  larger  number  of  mai^ks  than  an 
incomplete  or  inexact  answer  to  a  more  difficult  one. 

A  single  accent  (')  signifies  feet;  a  double  accent  {")  inche$. 

Questions  marked  (*)  have  accompanying  diagrams. 

The  Bxammatum  in  this  subject  lasts  for  fow  hours. 


First  Stage  or  Blementaiy  Bxaminaticn. 

iKSTEUCrriONS. 

You  are  only  permitted  to  attempt  seven  questions. 
Tou  must  attempt  three  of  tbe  first   four  questions.     The 
remaining  four  you  may  select  from  any  part  of  the  paper. 


*l.  Segmental  gauged  arch  over  an  opening  in  a  brick  wall. 

Draw,  to  a  scale  of  ^,  showing  at  A  six  courses  of 
the  arch  bricks,  starting  from  the  springing.  (H-) 

*2.  Section  of  a  coursed  rubble  dwarf  wall. 

Draw,  to  a  scale  of  1^"  to  a  foot,  showing  the  construc- 
tion and  adding  a  6"  stone  coping  weathered  and  throated. 

(11.) 

*3.  Sections  of  the  flanges  and  web  of  a  cast.iron  cantilever. 
Draw  the  section  of  the  cantilever  ^  full  size.    (11.) 

*4.  Head  of  a  Idng-post  in  a  wooden  roof  truss. 

Draw,  to  a  acsle  of  -J^,  adding  the  heads  of  the  principals 
6"  X  4",  and  a  ridge  board  11"  x  2",  and  making  any 
alteration  you  think  necessary.  (11.) 


*5.  Elevation  of  a  window  opening  with  a  stone  lintel,  the 
depth  of  which  is  equal  to  four  courses  of  bricks. 

Draw,  to  a  scale  of  ]-  of  an  inch  to  a  foot,  a  vertical 
section  through  AA,  the  wall  being  18"  thick,  with  a 
9"  X  3"  wood  lintel,  and  a  discharging  arch  of  two  half 
brick  rings.  (12.) 

*6.  Cross  section  of  a  beam  and  iron  flitch,  which  are  to  be 
formed  into  a  flitch  girder. 

Draw  the  section  of  the  girder,  to  a  scale  of  -^^ 
showing  I"  bolts  by  dotted  lines.  (12.) 

7.  Show  by  sketches  the  meaning  of  the  following  terms  in 

carpenter's  work : — 

Isirdsmouth — ^mortised  and  housed — dovetail-halving. 

(13.)     . 

8.  Draw  a  cross  section,  to  a  scale  of  ^"  to  a  foot,  showing  a 

9^'  sleeper  w&U  supporting  a  single  joist  floor.        (13.) 
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•9.  Plan  of  two  successive  courses  of  brickwork  at  the 
of  a  building. 

Draw,  to  a  scale  of  I"  to  a  foot,  showing  the  1: 
laid  in  English  bond.  0- 

*10.  Cross  section  through  four  common  joists,  15"  from  o 
to  centre. 

Draw,  to  a  scale  of  tV»  adding  IJ"  floor  boards 
3"  X  2"  ceiling  joists,  also  sound  boarding  and  pugg 

11.  Draw  a  horizontal  section  through  a  2^"   framed  .11  inn 

panelled  door,  to  a  scale  of  }. 

The  door  to  be  3'  6""  wide,  with  6"  margins,  one  n 
to  be  square  and  flat  and  moulded  one  side,  and 
other  to  be  bead  butt  both  sides.  0-^ 

12.  Draw,  to  a  scale  of  3'  to  an  inch,  an  eleyation  of  a  1 

more  than  half  of  a  queen-post  roof  truss  for  a  35'  8| 
from  the  following  details : — 

Tiebeam,  5"  x  9". 

Principals,  6"  x  6". 

Queens,  5"  x  3". 

Straining  beam,  5"  x  8". 
Stirrup  irons  and  heel  straps  to  be  2^'  x  ^".      (16.) 

13.  Give  a  horizontal  section,  to  a  scale  of  i,  through  a  litl 

more  than  half  of  a  French  casement  window,  3°  6''  wic 
in  an  18"  wall,  showing  folding  sashes  opening  outward 

The  inside  of  the  frame  to  be  flush  with  the  inside  4 
the  wall,  and  the  joint  between  the  frame  and  wall  to  t 
covered  with  a  plain  chamfered  architraye. 

GiTC  a  fi'eehand  section  of  the  bottom  rail  and  sil 
showing  how  you  would  keep  out  the  weather.      (18.) 

14.  The  cast  iron  columns  supporting  a  floor  are  of  1''  metal" 

7"  mean  outside  diameter,  and  10'  long. 

Rolled  iron  joists,  12"  x  5'',  meeting  at  right  anfflei 
on  the  heads  of  the  columns,  carry  a  flat  concrete  floor 
7"  thick. 

Give  a  sectional  elevation,  to  a  scale  of  an  inch  to  a 
foot,  through  the  concrete  and  one  of  the  joists,  showing 
the  connection  of  the  cross  girders  on  the  head  of  the 
column.  (18.) 


Second  Stage  or  Advanced  Examination. 

Instbugtions. 

Bead  the  General  Instructions  at  the  head  of  the  Elementary 
paper. 

You  are  only  permitted  to  attempt  six  questions. 
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(31) 
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21.  What  is  the  difference  between  a  chalk  lime  and  a  lias 

lime  ?      Which  is  the  best  for  internal  plastering,  and 
why?  (12.) 

22.  Explain  what  is  meant  by  forge  pig  and  fonndiy  pig  iron, 

and  how  yon  would  distingmsh  between  them.      (12.) 

23.  How  should  cut  stonework  in  dressings  be  laid,  in  order  to 

guard  against  disintegration,  and  to  what  class  of  rocks 
does  this  rule  apply  with  the  greatest  force  ?         (12.) 

24  Draw,  to  a  scale  of  |"  to  a  foot,  part  of  a  brick  wall  in 
eleTation,  sufficient  to  show  what  is  meant  by  English 
garden  wall  bond. 
What  is  the  object  of  this  bond  ?  (14.) 

*25.  End  of  a  rolled  iron  joist  12"  x  &',  secured  to  a  stone 
template  by  f  ^  rag  bolts. 

Draw,  to  a  scaJe  of  2"  to  a  foot,  a  vertical  section 
through  GG ;  only  one  of  the  rag  bolts  need  be  shown. 

(14.) 

*26.  Elevation  of  portion  of  an  arch  consisting  of  five  half  brick 
rings. 

Draw,  to  a  scale  of  an  inch  to  a  foot,  showing  the 
separate  bricks,  and  the  rings  tied  together  at  A  by  four 
lacing  courses.  (14.) 

*27.  Gross  section  of  part  of  a  rubble  masonry  wall. 

Draw  to  a  s^e  of  }"  to  a  foot,  showing  at  A  the  use 
of  through  bond  stones. 

At  B  show  the  use  of  |  bonds. 

Under  what  circumstances  are  f  bonds  preferable  to 
through  bonds?  (16.) 

*28.  A  rolled  iron  beam  carrying  a  wall  over  an  opening,  with- 
out any  relieving  arch  above  it.  Explain  the  nature  of 
the  stresses  in  the  upper  and  lower  flanges.  (16.) 

29.  Draw,  to  a  scale  of  ^,  a  cross  section  of  an  egg-shaped 
brick  sewer,  3^'  internal  height. 

The  method  of  striking  the  curves  to  be  shown,  and 
a  sufficient  number  of  bricks  to  be  drawn  in  to  show  the 
construction.  (16) 

*30.  Plan  of  four  treads  of  a  hanging  stone  stair  consisting  of 
feather-edged  steps  with  moulded  nosings. 

Draw,  to  a  scale  of  1^"  to  a  foot,  a  vertical  section 
through  AA,  showing  12"  treads  and  6"  risers. 

Show  by  sketches  how  the  steps  would  be  supported  at 
the  wall,  and  the  iron  balusters  secured  to  the  steps. 

(16.) 
(:4i598)  B 
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*31.  Elevation  #f  the  end  of  a  king-^post  roof  truss  resting  on 
a  14"  brick  waU. 

Draw,  to  a  scale  of  ^''  to  a  foot,  making  anj  altera* 
tions  yoa  may  deem  necessary,  and  adding  common 
rafters  with  f "  slate  boarding  covered  with  oonntess 
slates,  five  conrses  of  which  are  to  be  shown. 

The  overhanging  eaves  to  be  famished  with  1^"  fiucia 
and  soffit  boarding,  and  cast-iron  ogee  guttering. 

(18.) 

32.  Draw,  to  a  scale  of  ^,  an  elevation  of  an  iron  roof  truss 
for  a  35'  span. 

Show,  to  an  enlarged  scale,  the  form  of  section  you 
would  adopt  for  each  member  of  the  truss,  as  well  as  the 
joint  at  the  foot  of  the  principal.  (18.) 


Honotm  Examination. 

Insteuctions. 

Read  the  General  Instructions  at  the  head  of  the  Blem  entary 
paper. 

X  on  are  only  permitted  to  oHempt  eight  questions. 

Of  these /our  must  be  selected  from  the  first  six  questions, 
and  four  fipom  the  rest  of  the  paper. 


41.  Name  the  difEerent  kinds  of  deals  used  in  the  building 

trades;  state  where  they  come  from,  of  what  trees  they 
are  the  produce,  and  for  what  purposes  they  are  most 
suitable.  (g.) 

42.  Describe  the  process,  known  as  Dr.  Angus  Smith's,  for 

coating  the  insides  of  cast-iron  pipes.  (8.) 

43.  Explain  the  difference   between    Bessei^er,  blister,  and 

shear  steel,  stating  some  of  the  purposes  for  which  each 
is  specially  suited.  (8.) 

44.  Mention  the  characteristics  of  the  following  bricks,  and 

some  of  the  purposes  for  which  each  is  specially  suitable: — 

Malm  cutters. 

Dinajs  bricks. 

Dutch  clinkers. 

Blue  StaflTords.  (8.) 

45.  Describe  by  sketches  the    leading    features  of  English 

Architecture  from  the  latter  end  of  the  ISth  to  the 
latter  end  of  the  14th  century.  (8.) 
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46.  Ascertain  the  stresses  on  the  members  of  the  roof  truss 
herewith,  by  means  of  a  stress  diagram,  supposing  the 


trusses  to  be  8'  apart  and  loaded  with  40  lbs.  per  foot 
super  of  roof  surface.  (8.) 

47.  Give  a  sketch  showing  how  you  would  arrange  a  hot  water 
supply  from  a  basement  kitchen  range  boiler  to  a  pantry 
on  the  ground  floor,  a  bath  on  the  first  floor,  and  a 
housemaid's  closet  on  the  second  floor.  (10.) 

4^.  Give  a  sketch  showing  all  the  details  connected  with  the 
shoring  up  of  the  side  of  a  house  45'  high,  which  shows 
signs  of  bulginfi^  about  halfway  up.  Oive  the  scantlings 
and  names  of  the  difierent  members.  0-0.) 

40.  Draw  a  horizontal  section,  one-fourth  full  size,  through 
one  side  of  a  3'  window  opening,  showing  a  cased  frame 
and  2"  double  hung  sash  set  in  an  18"  wall  with  a  4|" 
reveal,  including  internal  splayed  and  boxed  linings  aod 
shutters  and  double-faced  architraves. 

The  inner  face  of  the  wall  to  be  lath  and  plastered  en 
battens.  (10.) 

50.  Draw,  to  a  scale  of  4'  to  an  inch,  a  cross  section  through 

a  roof  for  a  billiard  room  20'  wide,  in  a  private  house ; 
showing  all  the  details  of  construction,  including  a 
skylight.  (10.) 

51.  A  building  is  to  be  erected  on  a  site  which  necessitates  the 

cellars  being  below  ground,  where  the  water  will  at  times 
stand  in  the  soil,  some  3'  above  the  level  of  the  cellar 
floors. 

Give  drawings  showing  Ihe  method  of  construotioa 
you  would  adopt.  (10.) 

r>2.  Give  a  working  drawing,  in  plan  and  section,  of  a  double 
cover  riveted  joiut  in  a  wrought-iron  bar  f "  X  12". 

The  metal  will  be  exposed  to  a  tensile  stress  of  5  tons 
to  the  inch,  and  it  is  important  not  to  reduce  the  effective 
strength  of  the  bar  more  than  is  absolutely  necessaiy. 

(10.) 


p.  2 
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SUBJECT  m.   BXniiDIMO  COHSTBUCTION. 

Examiner,  COLONEL  SEDDON,  R.B. 


Honours  Bzamlnation. — Work  to  be  done  at  Home. 


Ikstbugtioms. 

This  paper  U  iale  worked  by  the  OandidcUe  tU  his  own  home. 
The  drawings  are  to  he  sent  by  post  to  the  Secretary,  Science  and 
Art  Department,  South  Kensington,  on  or  before  the  I9th  of  June. 
They  need  not  he  prepaid. 


Draw  up  a  design  for  a  small  sea-side  residence  standing  in 
its  own  grounds  at  the  foot  of  a  hill,  overlooking  the  sea  and 
facing  south. 

It  is  to  be  built  of  a  light  grey  rubble  stone,  with  red  brick 
dressings. 

The  foundations  are  rocky,  and  the  site  is  exposed  to  heavy 
driving  rain  fipom  the  west. 

The  following  accommodation  is  required  : — 

Dining  and  drawing  rooms,  each  not  less  than  320  feet  super; 
library,  and  8  bedrooms;  with  kitchen  and  other  offices. 

All  the  work  must  be  sound  and  good,  the  rooms  conveniently 
arranged  and  properly  ventilated. 

Plans  and  elevations  to  be  drawn  to  a  scale  of  8  feet  to  an 
inch,  sections  to  twice  the  scale  of  the  plans,  and  enlarged  details 
to  be  given  as  may  be  required.  A  small  site  plan  to  be  given, 
showing  positions  of  out-offices^ 

The  drawings  must  be  fully  dimensioned,  and  sufficiently 
complete  to  allow  of  accurate  bills  of  quantities  being  taken  out 
from  them,  with  the  exception  of  out-buildings,  which  need  only 
bo  shown  on  the  general  plan. 

The  approximate  cost  of  the  block,  ascertained  by  cubing  out 
the  contents,  to  be  stated,  and  a  short  description  given  of  the 
materials  proposed  to  be  employed,  and  of  any  points  requiring 
special  explanation. 
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The  foUawing  vaueher  must  he  signed  and  rei/umed  wiih  ihe 
worked  drawmga : — 


hereby  certify  on  my  honour  that  the  drawings  sent  in  by  me, 
for  the  Honours  Examination  in  Building  Construction  and 
Drawing,  have  been  wholly  done  by  me,  and  without  assistance 
from  any  person. 

(Signed) 


No. 


The  above  number  must  be  quoted  on  e^h  separate  sheet  of 
drawings  worked  by  you. 


SUBJECT  IV.    NAVAL  ABOHTFECTUBE. 

ExAViNiB,  J.  H.  MORRISON,  Esq.,  R.G.N.C. 


GsKEBAL  Instructions. 
If  the  rules  are  not  attended  to,  the  paper  will  be  cancelled. 

You  may  take  the  Elementary,  or  the  Advanced,  or  the 
Honours  paper,  but  you  must  confine  yourself  to  one  of  them. 
Sketches,  required  to  be  made  to  sccUey  must  he  inked  in  with 
drawing  pen. 

Put  the  number  of  the  question  before  your  answer. 

You  are  to  confine  your  answers  strictly  to  the  questions 
proposed. 

Your  name  is  not  given  to  the  Examiner,  and  you  are  for- 
bidden to  write  to  him  about  your  answers. 

The  value  attached  to  each  question  is  shown  in  brackets 
after  the  question.  A  full  and  correct  answer  to  an  easy 
question  will  in  all  cases  secure  a  larger  number  of  marks  thau 
an  incomplete  or  inexact  answer  to  a  more  difficult  one. 

The  examination  in  this  subject  lasts  for  four  hours. 
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Fint  stage  or  Xlemantary  Bzamiaatloii. 

Insteuctions. 

Yoa  are  only  permitted  to  aUempt  ten  questions. 

Yon  mnst  aMempt  No.  21.  Two  of  tlie  remaining  questions 
may  be  selected  from  the  Calcnlations ;  and  the  rest  from 
one,  but  not  from  both,  of  the  sectionB  of  Practical 
ShipbnUding. 

PRACTICAL  SHIPBUILDING.— SECTION  I. 
W^OOD  AND  COMPOSITE  SHIPS. 

1.  Yfhj  are  the  keels  of  wood  ships  frequently  made  of  English 

elm  P    How  wonld  yon  trim  a  piece  of  keel  ?  (8.) 

2.  What  is  a  **  floor  "  ?    How  wonld  yon  trim  one  ?        (12.) 

3.  Mention  the  different  timbers  which  form  a  '*  frame,"  and 

explain  clearly  the  method  nsnally  adopted  for  connecting 
them  together  at  their  bntts.  (8.) 

4.  What  are  cross-spalls  P    Explain  how  they  are  secured  and 

supported,  and  state  what  purposes  they  serve.      (8.) 

5.  How  wonld  yon  get  tke  different  timbers  of  the  foremost 

part  of  a  small  wood  vessel  into  their  proper  positions 
upon  the  blocks  P  (8.) 

6.  What  are  treenails?    Wliere  are  they  principally  used? 

Explain  how  yon  would  bore  the  hole;   and   prepare, 
drive,  and  finish  off  a  treenail  to  ensure  efficient  work. 

(10.) 

7.  How  would  yon  take  an  account  of,  trim,  and  get  in  place 

a  strake  of  outside  plank  ? 

In  wood  ships  wnich  of  the  outside  planks  are  usually 
first  fitted,  and  for  what  reasons  P  (12.) 

8.  Explain  clearly  the  meaning  of  the  terms  *' intercostal," 

''oontinnons." 
Give  examples  from  a  composite  vessel  of 

(1)  intercostal  plates, 

(2)  continuous  plates. 

and  state  where  they  are  fitted.  (8.) 

9.  Explain  how  and  when  you  would  set  off  the  positions  of  the 

rivet  holes  in  tbe  frame  bars  of  a  composite  vessel. 

How  would  you  proceed  with  the  work  of  forming  the 
holes  P  (8.) 

10.  Show  by  a  rough  sketcb  how  the  frame  bar,  reverse  frame 
bar,  and  floor  plate  are  connected  together  in  a  com- 
posite ship.  State  the  sizes  and  pitches  of  rivets  as  well 
as  dimensions  of  ^ptfttes  and  ang^s.  (12.) 
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PRACTICAL  .SHIPBUIIiDING.— SECTION  11. 
IRON  AND  STEEL  SHIPS. 

11.  What  is  (I)  a  flush  joint  P 

(2)  a  lap  joint? 
Show  the  riveting  (which  is  to  he  donhle)  in  each  case. 

(6.) 

12.  Descrihe  the  difference  between  a  *'  bar  "  keel  and  a  "  side 

bar "  keel,  and  show  how  the  bntts  of  a  bar  keel  are     ' 
formed  and  riveted.  (8.) 

13.  Show  by  a  rough  sketch  hov7  yon  would  connect  and  fasten 

.the  heel  of  a  stem  post  to  a  side  bar  keel.  (8.) 

14.  Explain  how  and  when  you  would  set  ofE  the  positions  of  the 

rivet  holes  in  the  frame  bars  oi  a  mercantile  vessel. 
How  would  you  proceed  with  the  work  of  forming  the 
holes?  (8.) 

15.  The  material  for  a  floor  plate  for  a  mercantile  vessel  supplied 

by  the  manufacturer  is  in  two  pieces.  Explain  clearly 
the  work  which  is  necessary  to  get  the  floor  plate  to  its 
tme  shape  and  siae.  (12.) 

16.  Briefly  explain  how  you  would  proceed  with  the  work  of 

framing  a  ship  which  is  to  be  built  on  the  bracket  plate 
system.  (12.) 

17.  How  would  you  take  an  account  of,  get  in  place,  and  tem- 

porarily secure  a  bottom  plate  which  has  only  slight 
curvature  ?  (8.) 

18.  An  iron  bottom  plate  is  ^"  thick  and  4'  wide.     Sketch  the 

disposition  of  rivets  in  edges,  butts  and  frame  stations    - 
(which  are  4  feet  apart),  and  state  the  sise  and  pitches 
of  rivete.  (12.) 

19.  Where  are  angle-bulb  beams  usually  fitted  ?     Show  how  you 

would  connect  and  rivet  one  of  these  beams  to  the  frames. 

(8.) 

20.  An  angle-bulb  beam  is  in  place  and  secured  to  the  frames, 

but  it  is  bulged  and  requires  straightening  before  the 
wood  deck  can  be  laid.  How  would  you  straighten  the 
beam  ?  (10.) 

DRAWING. 

21.  What  does  Sketch  No.  21  represent?    It  is  on  a  scale  of 

^inch  to  1  foot;  enlarge  it  to  a  scale  of  ^-inch  to  1  foot, 
and  show  on  it  a  water-line  8'  9''  from  the  base  line. 

(14.) 
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CALCULATIONS. 

22.  Write  down  and  explain  Simpson's  first  mle  for  finding  the 

area  of  a  plane  surface. 

The  ordinates  of  a  portion  of  the  water  plane  of  a 
ship,  in  feet,  are  respectively  14-4  •  33-6;  49-6;  57*6;  60; 
57'6 ;  50 ;  40 ;  and  25'6 ;  the  snccessive  ordinates  being 
30  feet  apart.  The  area  of  the  portions  beyond  the  ex- 
treme orcunates  is  275  square  feet. 

Find  the  area  of  the  whole  plane  in  square  feet  and  in 
square  yards.  (8.) 

23.  The  surface  of  a  deck  which  is  coyered  with  Dantzic  fir 

4  inches  thick,  is  of  the  same  area  as  the  plane  in  the 
preceding  question.  What  is  the  weight  of  the  plajik 
and  its  fiaistenings  P  (6.) 

24.  Define  ''tons  per  inch  immersion.*' 

The  "  tons  per  inch  "  at  the  load  water  plane  of  a 
8hip=33'4;  what  is  the  area  of  the  plane,  and  what 
would  be  the  displacement  in  cubic  feet,  and  in  tons,  of 
a  layer  6  inches  thick  in  the  vicinity  of  this  plane  P 

(6.) 

25.  A  solid  pillar  of  iron  is  of  uniform  circular  section.     It  is 

T  3"  long  and  2|"  in  diameter.    What  is  its  weight  P 

(6.) 


Second  Stage  or  Advanced  Examination. 

Instructions. 

Bead  the  General  Instructions  at  the  head  of  the  Elementary 
paper. 

You  are  only  permitted  to  (xttempt  twelve  questions. 

You  must  attempt  Ko.  55.  The  remaining  questions  may  be 
Relected  from  any  part  of  the  paper,  provided  that  one  or  more 
be  taken  from  each  section,  viz..  Practical  Shipbuilding,  Laying 
Off,  and  Calculations. 

PRACTICAL  SHIPBUILDING. 

Wood  and  Composite  Ships. 

31.  In  trimming  a  piece  of  keel  of  English  elm  would  you  get 

lid  of  the  sap  or  not  ?     Give  a  reason  for  your  answer. 

(3.) 

32.  What  is  a  "  floor  "  P     How  would  you  trim  one  ?         (8.) 

33.  Name  the  different  timbers  which  form  the  structure  at  the 

fore  end  of  a  wood  ship,  and  state  their  relative  positions. 

(6.) 
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34.  How  are  the ''  worldng  "  edges  of  the  bottom  planks  obtained 

hj  the  workmen  on  the  frames  from  the  "  sight "  edges. 

(6.) 

35.  The  exterior  planking  of  a  wood  ship  is  to  be  secored  to  the 

founes  hj  copper  throngh  bolts  and  treenails.  Explain 
at  what  stage  of  the  work  you  would  proceed  with  these 
fastenings;  and  describe  how  the  boring  of  the  holes, 
preparing  the  bolts  and  treenails,  driving  and  finishing 
them  off,  shonld  be  done  to  ensure  efficient  work.    (8.) 

36.  Show  ronghly  by  a  transverse  sectional  sketch  a  well-known 

method  of  connecting  the  flat  keel  plate,  frame,  and  keelson 
of  a  composite  vessel.  (6.) 

37.  Referring  to  the  preceding  question,  give  the  sises  of  plates, 

an^e-bars,  and  rivets,  and  spacing  of  frames,  stating  the 
principal  dimensions  of  the  vessel  yon  take.  (6.) 

38.  Sketch  ronghly  on  a  large  scale  a  bolt  which  is  used  to 

fasten  the  inner  thickness  of  bottom  plank  in  composite 
ships  of  the  Royal  Navy. 

What  is  the  composition  of  such  bolts,  and  how  are 
they  tested  ?  (8.) 

39.  What  means  are  taken  to  ensure  water-tightness  in  the 

fastenings  of  the  bottom  plank  of  composite  vessels  P 

(6.) 

Iron  and  Steel  Ships. 

40.  Describe  the  tests  to  which  angle-irons  are  subjected,  to 

ascertain  if  they  are  fit  for  use.  (6.) 

41.  Sketch  roughly  and  describe  the  uses  of  a  drift  punch,  a 

rimer,  and  a  rose  drill.  Under  what  circumstances  and 
for  what  reasons  would  the  use  of  a  drift  punch  be 
detrimental  to  good  work  P  (6.) 

42.  The  bottom  plates  of  a  ship  are  14'  x  3^'  X  f|"  and  the 

frame  space  is  3^".  Show  how  you  would  shift  the  butts, 
and  show  also  the  spacing  of  rivets  in  the  butts,  edges, 
and  frame  stations  of  one  of  the  plates.  (6.) 

43.  How  would  you  take  account  of,  prepare,  get  in  place,  and 

temporarily  secure  a  bottom  plate  which  has  great  cur- 
vatnre  and  twist  ?  (8.) 

44.  Sketch  roughly  the  connection  of  a  beam  with  the : 
stringer  plate,  and  wood  deck,  and  show  the  fasten 

(6: 

45.  Describe  briefly  the  difference  between  the  action  of  beams 

in  wood  ships,  and  in  iron  ships,  when  such  ships  are 
subjected  to  strains  at  sea. 

!^equently  it  is  convenient  to  be  able  to  dispense  with 
knees  to  lower  deck  beams ;  under  what  circumstances 
would  this  omission  of  beam  knees  in  iron  and  steel  ships 
lead  to  no  source  of  weakness  ?  (6.) 
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46.  Explain  wliy  iron  and  steel  ships,  projyerly  built,  need  no 

saoh  strengthening  as  the  diagonal  nders  which  are  fitted 
to  wood  ships.  (6.) 

47.  Describe  brieflj  the  principal  strains  to  which  ships  are 

liable,  and  state  what  in  jonr  opinion  is  the  relative 
order  of  their  importance.  (8.) 

48.  Befernng  to  the  preceding  question,  select  any  one  of  the 

kinds  of  strains  and  state  what  means  are  adopted  in  a 
properly  constructed  ship  to  resist  such  strains.       (6.) 

49.  The  beams  of  a  ship  are  in  place  and  ready  to  receiye  the 

steel  deck  plating  which  is  to  be  worked  with  flush  joints. 
Qn  the  plating  a  wood  deck  is  to  be  laid.  How  would 
yon  proceed  with  the  work  of  plating  and  riveting  the 
steel  deck?  (8.) 

LAYING  OFF. 

50.  How  would  you  define  the  "joint"  of  a  frame,  and  how 

would  you  obtain  the  bevellings  of  the  timbers  on  each 
side  of  a  joint  in  the  square  body  ?  (6.) 

51.  Thd  sheer  drawing  of  a  composite  ship  is  made  to  the  outside 

of  the  plank.  Describe  the  work  which  must  be  per- 
formed before  the  lines  from  which  the  vessel  is  to  be 
built  can  be  placed  correctly  upon  the  floor.  (6.) 

52.  Li  many  mercantile  ship  yards  it  is  not  customary  to  give 

the  mould  loft  draughtsman  a  copy  of  the  sheer  draught, 
but  sufficient  information  is  given  to  him  to  lay  off  the 
vessel.  State  what  this  information  is,  and  how  the  work 
of  laying  off  the  vessel  is  proceeded  with.  (8.) 

53.  How  are  the  edges  of  the  bottom  plates  and  longitudinals 

obtuned,  and  faired,  on  the  mould  loft  floor  P  (6.) 

54.  The  deck  of  a  ship  has  great  sheer,  and  sections  made  by 

planes  squares  to  the  sheer  are  circular.  Show  how  you 
would  obtain  the  form  of  a  beam  whose  sides  are  vertical. 

(6.) 

DBAWING, 

55.  Sketch  No.  55  is  on  a  scale  of  ^inch  to  1  foot.     Enlarge  it 

to  a  scale  of  1  inch  to  1  foot ;  state  what  it  represents, 
and  show  the  riveting  in  the  angle  bars,  a,  a,  a,  a, 

(12.) 

CALCULATIONS. 

56.  Describe  clearly  how  yoa  would  proceed  to  find  the  Eurea  of 

a  plane  surface.  (4.) 


\ 
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57.  The  half-ordinatea  of  a  ship's  load  water  plane  in  feet  are 

respectively  8;  8;  16*2;  212;  236;  245;  24-6;  24*5; 
24'5;  24*4;  23*4;  18;  and  2;  and  the  common  internal 
is  20  feet.    Find 

(1)  the  area  of  the  plane ; 

(2)  the  longitudinal  position  of  its  C.G. ; 

(3)  the  number  of  tons  which  must  be  put  on 

board  to  increase  the  draught  of  water  bj 
5  inches.  (8.) 

58.  •Define  the  centre  of  buojanoj.     Explain  clearly  how  its 

position  is  found  from  the  drawings  of  a  ship,  and  illus- 
trate your  remarks  by  a  simple  example,  showing  how 
the  arithmetical  work  is  usually  arranged.  (6.) 

59.  How  are  '* curves  of  displacement*'  constructed?    What 

use  is  nciade  of  them  ? 

The  areas  of  five  water  planes  of  a  vessel  are  3,000 ; 
3,000 ;  2,400 ;  1,800,  and  1,200  square  feet  respectively, 
and  the  common  interval  between  them  is  18  inches. 

Construct  to  scale  the  curve  of  displacement  in  tons, 
and  mark  on  the  curve  the  numerical  values  of  the 
ordinates  at  the  several  water  planes ;  the  displacement 
of  the  portion  below  the  lowest  plane  (which  is  18"  above 
the  keel)  being  25  tons.  (10.) 

60.  A  transverse  bunker  is  filled  with  coals,  stowed  in  the 

ordinary  way ;  find  the  weight  of  coal  it  contains  from 
the  following  particulars : — 

Semi-ordinates  in  feet  of  the  transverse  section,  which 
is  of  constant  form  throughout,  are  respectively  21*9 ; 
21*5;  20*4;  17*7;  and  6'^ ;  the  common  interval  being 
3^  feet.  Length  of  bunker  in  a  fore  and  aft  direction  is 
12  f eeti  44  cubic  feet  of  ooal  as  ordinarily  stowed  weigh 
1  ton.  (6.) 

61.  A  water-tight  bulkhead  formed   of  plates  |"  thick,  lap- 

jointed,  lap-butted,  single-riveted ;  is  stiffened  by  angle 
bars  3J"  x  3"  x  |",  placed  vertically  30  inches  apart. 
Find  the  weight  of  200  square  feet  of  the  bulkhead. 

(8.) 


Honoim  Examination. 

Instbuctions. 

Bead  the  General  Instructions  at  the  head  of  the  Elementary 
paper. 

You  are  only  permitted  to  attempt  fourteen  questions.  You 
may  select  these  from  any  part  of  the  paper,  provided  that  one 
or  more  be  taken  from  each  section,  viz.,  Practical  Shipbuilding, 
Laying  Off,  and  Calculations. 
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PRACTICAL  SHIPBUILDING. 

Wood  and  Cohpositb  Sraps. 

71.  Of  what  kinds  of  wood  are  the  steins  of  mercantile  wood 

vessels  made  P  How  are  the  different  pieces  of  snch 
stems  nsnally  connected  F  (4.) 

72.  What  is  the  **deadwood?"     In  what  cases  and  for  what 

reasons  is  it  absolutely  necessary  to  fit  the  deadwood  in 
wood  ships  ?  (4) 

73.  What  is  the  difPerence  between  a  deck  hook  and  a  breast 

hook  ?  How  would  you  trim  a  deck  hook  and  fit  it  in 
place?  ^  (8.) 

74.  In  wood  ships   the  thickest  outside  plank  is  frequentlj 

worked  in  the  neighbourhood  of  the  middle  of  the  depth 
of  the  ships.  From  a  structural  point  of  view  this  would 
appear  to  be  a  weak  arrangement. 

Briefly  discuss  the  reasons  for  adopting  such  a  dis- 
position of  material.  (6.) 

75.  Describe  the  general  features  of  composite  ship  construction, 

and  state  why  the  smaller  classes  of  vessels  in  the  Boyal 
Navy  are  usually  of  composite  build.  (8.; 

76.  Specify  generally,  without  giving  dimensions,  the  require- 

ments  of  Lloyd's  Register  as  to 

(1)  floor  plates ; 

(2)  flat  k^el  plates ; 

in  composite  vessels.  (6.) 

77.  What  kinds  of  wood  are  preferred  for  the  outside  plank  of 

composite  vessels  P 

In  cases  where  it  becomes  necessary  to  use  woods  of 
an  acid  nature  next  the  iron,  what  measures  should  be 
taken  before  working  the  wood  P  (6.) 

Iron  and  Steel  Ships. 

78.  Describe  the  tests  to  which  angle-bars  are  subjected,  io 

ascertain  if  they  are  fit  for  use,  when  they  are  of 

(1)  iron 

(2)  steel.  (6.) 

79.  What  are  the  objections  to  the  use  of 

(1)  hollow  stem  posts, 

(2)  stem  posts  made  of  several  thicknesses  of 

thin  plates  rivetted  together  P  (6.) 

80.  Sketch    roughly  and    briefly  describe  the   bracket  plate 

system  of  construction  used  in  ships  of  the  Boyal  Navy. 

(8.) 

81.  Show    how    the  bottom  plating    is  connected  with,  and 

fastened  to  the  stem  in 

(I)  a  large  mercantile  vessel 
^  (2)  an  armour-clad  ram.  (6.) 
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82.  Show  how  a  transverse  water-tight  bulkhead  is  plated, 

stiffened,  and  secured  to  the  ship;  and  give  sizes  of 
plates,  bars,  and  rivets.  (8.) 

83.  Describe  briefly  the  operations  of  catting  and  fishing  an 

anchor,  end  indicate  an  arrangement  which  has  been 
fitted,  whereby  these  operations  are  dispensed  with. 

(6.) 

LAYING  OPT. 

84.  The  projections  of  a  curve  being  g^ven  in  the  sheer  and 

half-breadth  plans,  show  how  it  can  be  ascertained 
whether  the  curve  is,  or  is  not,  a  *'  plane  "  one.         (6.) 

85.  Describe  a  method  of  correctly  laying  o£E  a  head  rail.  (6.) 

86.  A  ship  is  to  be  sheathed  with  copper ;  state  how  you  would 

take  an  account  of,  and  get  in,  on  the  ship,  the  line  which 
should  form  the  upper  boundary  of  the  copper.        (6.) 

87.  Show,  by  rough  sketches,  a  bilge  keel  in  sheer,  half -breadth, 

and  body  plans.  State  the  reasons  for  the  positions  and 
directions  chosen.  (6.) 

88.  Explain  a  method  of  laying  off  a  longitudinal  frame ;  show 

clearly  why  the  method  is  inexact,  and  where  you  would 
expect  the  error  to  be  considerable.  (8.) 

89.  How  would  you  obtain  an  expansion  of  the  outside  surface 

of  a  ship  from  her  drawings  ?  What  use  is  frequently 
made  of  such  an  expansion  ?  (6.) 

CALCXJLATIONS. 

90.  Describe  clearly  how  you  would  proceed  to  find  the  area  of  a 

plane  surface.    Prove  the  accaracy  of  the  process.  (6.) 

91.  The  half-ordinates  of  a  ship's  water  plane  in  feet  are 

respectively -8;  8;  162;  212;  236;  245;  245;  245; 
24'5;  24-4;  23-4;  18;  and  2.  The  common  interval  is 
20  feet.    Find 

(1)  the  longitudinal  position  of  the  C.6.  of  the 

plane; 

(2)  the  transverse  position  of  the   C.G.   of  the 

longitudinal  half  of  the  plane.  (6.) 

92.  Define  the  terms  " metacentre,"   "centre  of   buoyancy." 

Explain  and  prove  the  formula,  giving  the  height  of  the 
transverse  metacentre  above  the  centre  of  buoyancy. 

The  half-ordinates  of  the  load  water  plane  of  a  vessel 
infeetare-5;  5;  8;  10;  11;  12;  11;  10;  9;  6;  andl; 
and  the  common  interval  is  14  feet.  Find  the  height  of 
the  transverse  metacentre  above  the  centre  of  buoyancy, 
the  load  displacement  of  the  vessel  being  450  tons. 
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93.  What;  is  meant   bj  ** moment  to  change  trim" 

information  must  be  in  your  possession  before  J 
compute  for  a  particuhur  ship,  the  moment  ti  a  i 
trim?  \h 

Describe  clearly  why  it  is  that  vessels  in  pafisi  l« ■ 
salt  water  to  fresh  water  usually  change  trim  flit  ■ 

well  as  change  theii*  draught  of  water.  -    - 

94.  What  is  a  curve  of  stability  ?  E  C  T       IV. 

Cleopatra's  Needle  was    brought    to   Englan 

circular  pontoon,   which  had  a  metacentric  h^ — 

6  inches.  Draw  the  curve  of  stability  of  the  pi 
and  mark  on  it  in  figures  the  lengths  of  GZ  at  sn« 
intervals  of  10''. 

95.  Briefly  describe  Heck's  method  of  finding  the  stabilif 

ship. 

96.  Briefly  explain  the  causes  which  produce  vibration  i 

huUs  of  steamships  when  under  way;  and  state  ' 
what  circumstances  the  vibration  may  be  expect 
reach  a  maximum. 

How  would  you  attempt  to  remedy  excessive  vibs 
in  a  strong  ship  p  ^ 

97.  The  estimated  maximum  speed  of  a  ship  is  15  knots 

rudder  is  rectangular  (approximately)  m  shape,  is  li 
in  the  fore  and  a^  direction,  and  160  square  feet  in  i 
Find  by  calculation  the  diameter  of  the  iron  rudder  li 
the  maximum  helm  angle  being  35°. 
Sin  35°= -574  (10, 


SUBJECT  rV.    NAVAL  AfiCHITECTTmE. 

ExAMiKEB,  J.  H.  MORBISON,  Esq^  R.C.N.C. 


Honours  Bzaxnination.--Work  to  be  done  at  Home. 

Ikststjctions. 

This  paper  is  to  he  worked  hy  ^  Oandidaies  at  their  oum  homes. 
The  drawing  and  calculations  are  to  he  sent  hy  post  to  the  Secre" 
tary.  Science  and  Art  Depa/rtment,  South  Kensington^  on  or  before 
the  19th  of  June.     They  need  not  he  prepaid. 
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101.  GKven  portions  of  the  sheer  and  body  plan  of  an  iron 
Bcrew  vessel  on  a  scale  of  ^-inch  to  a  foot,  make  a  complete 
building  draught  on  a  scsSe  of  ^-inch  to  a  foot,  in  accord- 
ance with  the  particulars  furnished ;  and  calculate : — 

(1.)  The  displacement  up  to  water  lines  2^';  4^;  ^i'; 

8i';  10^';  and  12J^  respectively. 
(2.)  The ''tons  per  inch"  at  each  of  the  above  water  Unes. 

(3.)  The  vertical  and  longitudinal  positions  of  the  centre 
of  buoyancy  of  the  vessel  when  floating  at  a  draught 
ofl2r. 


The  following  vouclier  must  he   signed  and  returned  loith  the 
leorked  drawing : — 

1, _. 

hereby  certify  on  my  honour  that  the  drawing  and  oaloulations 
sent  in  by  me,  for  the  Honours  Examination  in  Naval  Arohitec** 
ture,  have  been  done  wholly  by  me,  and  without  assistance  from 
any  person. 

(Signed) 

No. 


The  above  number  must  be  quoted  on  each  separate  sheet  of 
drawings,  Ac.,  worked  by  you. 


SUBJECT  V.     PUBE  MATHEMATICS, 
STAGES  1,  2,  A  3. 

ExAMjOTBS,  Rev.  J.  F.  TWISDEN,  M.A.,  and 
A.  R.  WILLIS,  Esq.,  M.A.,  D.Sc. 


GSNEBAL  InSTBUGTIOKS. 

If  the  mles  are  not  attended  tO|  yonr  papers  will  be  can«Itol 

You  are  permitted  to  answer  questions  from  the  FirsI  Stage, 
or  from  the  Second  Stage,  or  from  the  Third  Stage,  or  from  the 
Hcmours  Paper,  but  you  must  confine  yourself  to  one  of  them. 
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Pat  the  Dumber  of  the  question  before  your  answer. 

Eyeiy  page  of  the  paper  supplied  for  the  answers  may  be 
used. 

You  are  to  confine  your  answers  strictly  to  the  questions 
prised. 

X  our  name  is  not  given  to  the  Examiners,  and  you  are  for- 
bidden to  write  to  them  about  your  answers. 

AU  the  work  by  which  a  result  is  obtained  must  be  clearly 
shown  in  immediate  oonneanon  with  the  question.  No  credit  will 
be  allowed  for  any  result,  however  correct  it  may  be,  unless  the 
work  be  shown,  so  as  to  enable  the  Examiners  to  satisfy  them- 
selves that  the  candidate  has  understood  the  questioui  and  to 
see  by  what  process  the  result  has  been  obtained. 

Anything  which  you  do  not  wish  the  Examiners  to  notice 
should  be  crossed  out  with  the  pen. 

A  table  of  logarithms  must  not  be  used  in  working  these 
papers.  All  the  logarithms  needed  will  be  found  on  the  accom- 
panying paper. 

Unless  you  esMoressUj  state  the  contrary ,  it  ufiU  he  assumed  thai 
you  have  read  (Ieomstbt  in  Euclid^  and  you  will  he  expeded  to 
follow  Euclid's  sequence.  Otherwise^  you  must  state  what  text 
hook  you  have  used  in  qeometry. 

The  examination  in  this  suJbject  lasts  for  three  and  a  half  hours. 


MathematicBi  First  Stage. 

iHSTBUCnOHS. 


Bead  the  (General  Instructions  above.     « 

The  paper  is  divided  into  three  sections.  You  are  not  to 
answer  more  than  three  questions  in  any  one  section,  and  not 
more  than  eight  questions  altogether.  No  student  can  be  passed 
who  fails  to  obtain  marks  in  any  one  section. 

The  number  of  marks  assigned  to  each  question  is  given  in 
brackets. 


Section  A. 
1.  Redace  to  their  simplest  forms: — 

(a.)  Sfofli     •      .3.^1 

'    (b.)  (01  X  0-01  -^  (M)002)  -  (0*6375  X  ps  -^  0125). 

(10.) 
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2.  Exfaract  the  square  root  of  0*08450649,  and  the  cube  root  of 

6434-856.  (8.) 

3.  Find  the  rent  of  an  estate  whereof  -j^ths  are  let  at  £2  Sa.  Od. 
an  acre,  and  the  remainder,  consisting  of  20  a.  8  r.  12  p.,  at 
£1  16«.  Sd.  an  acre.  (10.) 

4.  What  is  meant  bj  an  interest  of  3^  per  cent,  per  annum  P 
A  man  sells  10  cwt.  of  sugar  at  2f  i.  a  pound,  thereby 
gaining  11«.  Bd, ;  what  is  his  profit  per  cent.  P  (10.) 

5.  If  1869  soTereigns  are  coined  out  of  40  troy  pounds  weight 
of  standard  gold,  what  is  the  weight  of  a  soyereign  in 
grains  P  and  what  is  the  value  of  an  ounce  of  standard 
gold?  (10.) 

6.  Find  how  many  feet  and  how  many  metres  there  are  in 
0'581257  of  a  mile,  having  given  that  one  metre  equals 
1-093638  yards.  (10.) 


Section  B. 

7.  If  you  had  a  ruler  and  a  pair  of  compasses,  how  would  vou 
bisect  a  given  rectilineal  angle  ?  Frove  that  the  method 
you  employ  is  correct. 

How  would  you  divide  a  given  angle  into  two  angles,  so 
that  one  of  them  may  be  seven  times  as  large  as  the  other  P 

(12.) 

8*  If  one  side  of  a  triangle  be  greater  than  another,  show  that 
the  angle  opposite  to  the  greater  side  is  greater  than  the 
angle  opposite  to  the  less  side. 

ABO  is  a  triangle  in  which  AB  is  greater  than  AO ; 
the  angle  A  is  bisected  by  a  straight  line  which  meets  BO 
at  D ;  show  that  the  angle  ADB  is  greater  than  the  angle 
ADO,  (12.) 

S.  Show  how  to  make  a  triangle  whose  sides  shall  be  equal  to 
three  given  straight  lines,  any  two  of  which  are  together 
greater  than  the  third.  (8^ 

10.  ABCD  is  a  quadrilateral  in  which  the  side  AD  equab  the 

diagonal  AO ;  show  that  the  side  BO  is  shorter  than  the 
diagonal  BD.  (10.) 

11.  The  diagonals  AC,  BD  of  a  rectangle  ABOD  intersect  in  E ; 

show  that  EA  equals  EB. 

If  OF  be  drawn  at  right  angles  to  AO  to  meet  AB  pro- 
duoed  in  F,  phow  that  the  angle  AFO  is  equal  to  the  angle 
ADB.  (14) 

(4598)  G 
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12.  Show  how  to  draw  a  iriaagle  ABC,  having  given  the 
lengths  of  two  sideB,  AB,  AG,  and  the  length  of  the 
perpendicular  drawn  from  A  to  the  opposite  side  BC. 
What  condition  limits  the  length  of  the  given  perpen- 
dionlarP  How  many  triangles  can  generally  be  drawn 
to  fulfil  the  given  conditions  r  (14.) 

8BoH<mG. 

13.  Simplify  the  following  expressions    and  find  their]  pro- 

duct:— 

6aj  -  (2y  -  «  -  1)  -  2{3y  -  2(x  +  y)} 
and 

3aj  -  4i/  -  2(aj  -  2y)  +  |{2aj  -  1  -  3(«  -  y)}. 

(8.) 

14.  Explain  why  (a»)»  =  (a')«  =  a«. 

If  2^  X  32*  =  6184,  what  is  the  value  of  »  ? 

SimpHfy  (a»6)»  X  (a63)S  ^  {a^V)\  (10). 

15.  Write  down  the  following  expressions  in  factors,  and  find 
their  least  common  multiple : — 

4aj2  +  8aj  -  12,  9a?  -  9*  -  64,  6aj*  -  30aj»  +  24. 

(10.) 

IG.  Beduce  the  following  expressions  to  their  simplest  forms : — 


(6.) 


Knd  the  value  of   the   former    expression   (a)  when 
aj  =  -1  and  7/  =  i.  (12.) 

17.  Solve  the  following  equations: — 

,    X  .        X  _  jQ-Q5g-rV-6  _  0-25g  -h  3-8 
^  ;^     .2  0-6  0-3 

^^  2  6        "■  2 

8        2^^-  (14.) 

18.  Find  two  numbers  whose  sum  is  39  and  whose  difference 
equals  a  third  part  of  the  greater.  (^4,) 


X  — 

ay 

•4-  - 
1 

^-1 

a 

26  .6^. 
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Mathematics,  Second  Stage. 
Ikbtbijgtions. 

Head  the  Oeneval  Instracttons  on  the  first  page. 

The  paper  is  dirided  into  tkeee  sections.  Yon  are  not  to 
answer  more  than  three  qnestions  in  any  one  section,  and  not 
more  than  eight  questions  altogether.  No  stndeat  can  be 
passed  who  faUs  to  obtain  marks  in  any  one  section. 

The  nnmber  of  marks  sssigned  to  each  qnestion  is  given  in 
hnwd^ets. 


21.  Simplify 


Section  A. 

f^OJ^-hlV 


and  find  its  numerical  value  when  s^/(2  4-  a/3)  =  1. 

(260 

22.  Show  that 

(15.) 

23.  If  the  first  of  two  numbers  dmunished  by  the  reciprocal  of 
the  pecond  equals  the  second  number  diminished  by  the 
reciprocal  of  the  first,  show  that  either  the  number»  are 
equal  or  the  one.  is  the  reciprocal  of  the  other.  (15.) 

24.  Find  the  roots  of  the  equation 

flj8  -  2aa?  +  (a  -  h)(a  +  6)  =  0, 

and  form  the  equation  whose  roots  are  the  squares  of  the 
roots  of  that  equation.  (20.) 

25.  Find  a  proper  fraction  saoh  that  twice  the  denommator 

exceeds  the  square  of  the  numerator  by  2,  and  the  product 
of  the  sum  and  difference  of  the  numerator  and  denomi- 
nator is  325.  (25.) 

26.  Each  of  two  vessels,  A  and  B,  contains  a  mixture  of  wine 

and  water,  A  in  the  ratio  el  7  te  3,  and  B  in  the  ratio  of  3 
to  1;  find  how  many  gallons  from  B  must  be  put  with 
5  gallons  from  A  in  order  to  give  a  mixture  of  wine  and 
water  in  the  ratio  of  11  to  4.  (25.) 


C  2 
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BecUon  B. 

27.  In  every  triangle  the  square  on  the  side  subtending  an  acute 
angle  is  less  than  the  squares  on  the  sides  containing  that 
angle  hy  twice  the  rectangle  contained  by  either  of  these 
sides  and  the  straight  line  intercepted  between  the  perpen- 
dicular let  fall  on  it  from  the  opposite  angle  and  the  acute 
angle.  Prove  this  in  the  case  when  the  perpendicular  falls 
without  the  triangle. 

The  sides  AB,  BG,  GA  of  the  triangle  ABC  are  6,  10, 
and  14  units  in  length  respectivelv ;  AB  is  produced  to 
meet  in  D  the  perpendicular  let  fall  upon  it  from  G,  and 
GB  is  produced  to  meet  in  E  the  perpendicular  from  A ; 
find  the  lengths  of  AD  and  CE.  (20.) 

28.  An  angle  at  the  centre  of  a  circle  is  double  an  angle  at  the 
circumference  standing  on  the  same  arc.  Prove  this  when 
the  angle  at  the  centre  is  within  the  angle  at  the  circum* 
ference. 

ABGD  is  a  quadrilateral  inscribed  in  a  circle;  the 
diagonals  AG,  BD  intersect  in  E;  F,  the  centre  of  the 
circle,  is  within  the  quadrilateral;  show  that  the  angles 
subtended  by  AB  and  GD  at  F  are  together  double  the 
angle  AEB.  (25.) 

29.  Show  how  to  describe  on  a  given  straight  line  a  segment  of 
a  circle  containing  an  angle  equal  to  a  given  angle  which  is 
less  than  a  right  angle. 

From  a  given  point  outside  a  given  circle  draw  a  straight 
line  to  cut  the  circle  so  that  the  chord  intercepted  may  be 
equal  to  the  radius.  (25.) 

30.  If  O  is  a  point  (not  the  centre)  in  AB,  a  diameter  of  a  given 
circle,  and  GOD  a  chord  not  at  right  angles  to  AB ;  show 
that  the  rectangle  AO.OB  eauals  the  rectangle  GO.OD. 

Of  all  eqixaX  rectangles,  uiow  that  the  square  has  the 
smallest  perimeter.  (25.) 

31.  Show  how  to  draw  a  circle  to  touch  a  given  ctrde  internally 
at  a  given  point  and  to  touch  a  given  chord  of  the  given 
circle.  (20). 

32.  Let  O  be  the  middle  point  of  AB,  the  common  hypotenuse 
of  two  right-angled  triangles  AGB  and  ADB ;  from  G 
and  D  draw  lines  at  right  angles  to  OG  and  OD  to  inter- 
sect at  P ;  show  that  PG  and  PD  are  equal.  (20). 


Sedion  0. 

8r.  Define  the  logarithm  of  a  number.    What  is  meant  by  a 
system  of  logarithms  P 
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Show  that  in  any  Bjstem  of  logarithms  the  Sam  of  the 
loganthms  of  two  numbers  is  equal  to  the  logarithm  of  the 
prodnct  of  the  nambers. 

Find  the  logarithm  of  97*9418  X  0*0063864,  and  the  7th 

.    .  13 
root  of  ----.  .Qc  X 

300  (25.) 

34.  What  is  the  numerical  yalne  of  a  right  angle  in  circular 
measure?  Find  the  circular  measure  of  an  angle  of 
112**  43^,  and  the  length  of  an  arc  which  subtends  an  angle 
of  112°  43'  at  the  centre  of  a  circle  whose  radius  is  153  feet. 

(15.) 

35.  Show  how  to  construct  an  angle  of  60°,  and  hence  find  the 
numerical  values  of  the  sine,  cosine,  and  tangent  of  an  angle 
of  30°. 

Find  the  value  or  values  of  ^,  less  than  180°,  which 
satisfy  the  equations — 

(a.)  2  cos  0  4- 1  =  0; 
(6.)  tand4-l  =  0; 
(o.)  13  sin  ^  =  3.  (25.) 

36.  In  anj  ti-iangle  ABC  show  thai — 

(a.)     a  =  &  cos  C  +  «  cos  B  ; 
(6.)    a»  =  63  +  c^  -.  26c  cos  A. 

In  itxe  triangle  whose  sides  are  3, 4,  and  v^38  feet  in  length 
respectivelj,  show,  without  using  tables,  that  the  largest 
angle  is  greater  than  120°.  (25.) 

37.  Write  down  a  formula  giving  the  sine  of  half  an  angle  of  a 
triangle  in  terms  of  the  sides,  and,  by  means  of  the  formula, 
calculate  to  the  nearest  second  the  smallest  angle  of  the 
triangle  whose  sides  are  8,  9, 13.  (20.) 

38.  Find  a  formula  for  the  area  of  a  rectangle,  having  gfiven  a 

diM^nal  and  an  angle  contained  by  the  diagonals. 

H  the  diagonal  is  638*645  feet  long,  and  the  angle 
106'*  9'  lO'',  calculate  the  area.  (20.) 


MathematicBj  Third  Stage. 
Instructions 

Bead  the  General  Instructions  on  the  first  page. 

You  must  confine  your  answers  entirely  to  Sections  A  and  B, 
or  to  Sections  A  and  0 ;  and  you  must  not  answer  more  than 
four  questions  in  either  section. 

You  must  not  answer  more  than  eight  questions  altogether. 

The  number  of  marks  assigned  to  each  question  is  given  in 
brackets. 
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Section  A 

41.  Solve  the  following  equations  :-— 

(a.)     «•»  =  ay",  osP  ss  &y< ; 

(6.)     («  +  «)«+  (y +  ti)«=208 
y»  +  »(«  +  «)==    48 
^  +  «    =      6 
«  +  y    :t=    14  (40.) 

42.  Show  that  the  greatest  coefficient  in  a  binomial  expansion, 
when  the  index  is  a  positive  integer,  is  that  of  the  middle 
or  two  middle  terms. 

Show  that  the  coefficient  of  the  middle  term  of  the 
expansion  of  (!+«)*•  is  the  sum  of  the  coefficients  of  the 
two  middle  terms  of  the  expansion  of  (1  +  a)*»*"^.     (36.) 

43.  If  jp  rajs  are  drawn  through  one  point  in  a  plane,  and  q 
rays  through  another  point,  no  two  of  the  rajs  being 
ps^lel,  and  if  all  the  points  of  intersection  are  joined  two 
and  two  bj  straight  lines,  find  the  number  of  lines,  assu- 
ming that  the  rajs  are  the  onlj  lines  that  pass  through 
more  than  two  of  Uie  points.  .    (35.) 

44.  Show  how  to  inscribe  the  least  possible  rhombus  in  a  given 
rhombus.  (35.) 

46.  AB  is  a  diameter,  and  C  any  point  on  the  circumference  of 
a  circle  ABC ;  with  C  as  centre  a  circle  is  desciibed  having 
AB  as  a  tangent ;  show  that  the  othmr  tangents  to  the  latter 
circle  drawn  from  A  and  B  are  paxallel.  (35.) 

46.  Draw  a  triangle  ABC ;  draw  BD  at  right  angles  to  AC, 
AS  at  right  angles  to  AC  meeting  CB  in  E,  and  CF  at 
right  angles  to  AB,  any  of  the  lines  being  prodnoed  if 
necessarv;  show  that  the  rectangles  AB«CjD  and  AB.CF 
are  eqnaJ*  (40.) 

Section  B. 

47.  (a.)  Show  that  sin  |  ^  —  ^  j  +  cos  ^  =  0  where  0  is  any 

angle. 

(6.)  Write  down  sin  (A  4-  B  +  C)  in  terms  of  the  sines 
and  cosines  of  A,  B,  and  C  respectively,  and  deduce  from 
the  formula  that  for  cos  (A  4-  B  +  C)  in  terms  of  the 
sines  and  cosines  of  A,  B,  and  C  respectively.  (35.) 

48.  Show  geometrically  that 

sin  A  +  sin  B  =  2  sin  J(A  +  B)  cos  J(A  -  B), 

when  each  of  the  angles  A  and  B  is  less  than  a  right 
angle. 
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f 


Show  ibat 

sJn  A  -f  Bin  3A  -I-  em  6 A  4-  Bin  7 A  —  i;-    4 A 
COS  A  -f  cos  3A  +  cos  5A  +  COB  7A 

(40.) 

49.  Show  geometrically  that  if  the  value  of  tan  A  be  giTen, 
nothing  else  being  known  about  the  angle  A,  there  are  four 

values  of  sin  — ,  and  explain  why  the  sum  of  the  squares  of 

those  values  is  2. 

If  20  tan  A  =  21,  find  aU  the  values  of  sin  ^,  cos  f , 

^%  (35.) 

50.  The  lengths  of  the  sides  of  a  triangle  are  in  arithmetical 
progression,  and  its  area  is  three^fif  ths  of  that  of  an  equi- 
iateral  triangle  of  the  same  perimeter;  find  the  greatest 
angle  of  the  triangle. 

n  the  perimeter  is  300  feet,  what  are  the  lengths  of  the 
sides  severally  ?  (35.) 

51.  A  wall  20  feet  high  bears  59*  5'  E.  of  S. ;  find  the  width  of 
its  shadow  on  a  horizontal  plane  at  the  instant  that  the  sun 
is  due  south  at  an  altitude  of  30^.  (35.) 

52.  Explain  how  to  deduce  the  formula  for  the  area  of  a  circle 
from  that  for  the  area  of  the  inscribed  polygon  of  n 
sides. 

Two  equal  circles  are  drawn  with  the  centre  of  the  one 
on  the  circumference  of  the  other;  find  the  ratio  of  the 
area  of  the  part  of  one  circle  which  falls  on  the  other,  to 
that  of  the  part  which  falls  outside  the  other.  (40.) 


Section  0. 

53.  Define  a  spherical  triangle,  and  state  clearly  what  is  meant 
by  the  angles  and  sides  of  a  spherical  triangle. 

Show  that  the  sum  of  the  sides  of  a  spherical  triangle  is 
less  than  four  right  angles.  If  one  angle  of  a  spherical 
triangle  be  a  right  angle,  show  that  the  sum  of  the  other 
two  angles  is  less  than  three  right  angles.  (30). 

54.  Prove  the  fundamental  formula  for  expressing  the  cosine  of 

an  angle  of  a  spherical  triangle  in  terms  of  the  sines  and 
cosines  of  the  sides. 

Does  the  proof  establish  the  truth-of  the  formula  in  all 
oases  P  and,  if  not,  in  what  way  does  it  require  to  be  sup* 
plementedp  (35.) 

55.  Show  geometrically  that  the  sines  of  the  angles  of  a 
spherical  triangle  aiia  p;x>portional  to  the  sines  of  the  oppo. 
site  sides. 
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In  a  spherical  triangle  one  side  is  73^  50'/and  eaoh  of  the 
uiher  sides  120°  55^;  if  it  is  also  known  that  the  least 
angle  is  88''  52'  30",  find  the  other  angles  of  the  triangle. 

56.  If  in  the  spherioal  triangle  ABC  the  angle  0  is  a  right 
angle,  show  that 

cos  c  ss  cos  a  cos  b  =  cotan  A  cotan  B. 

If  an  arc  of  a  great  circle  drawn  from  C  meet  the  hypote- 
nnse  in  D,  show  that 

sin«  CD  =  tan  AD  tan  BD.  (35.) 

57.  Find  the  relation  between  the  three  angles  of  a  qnadrantal 
triangle. 

Find  the  angle  C  of  a  spherical  triangle  in  which  c  s 
90^  A  =  60^  B  =  30^  having  given  sin  25'  39'  30"  = 
0-48301.  (35.) 

58   Find  a  formula  for  the  tangent  of  half  an  angle  of  a  spheri- 
cal triangle  whose  sides  are  given. 

Calculate  the  smallest  angle  of  the  triangle  whose  sides 
are  32'*  2',  77''  46',  72r  26'.  (40.) 


Honoim  Ezamiaation, 

Instbuctiohb. 


Bead  the  General  Instractions  on  the  first  page. 
You  may  not  answer  more  than  ten  questions. 
The  same  value  is  attached  to  each  question. 


61.  Explain  why ?-  =  n,  when  «  =  a. 

fl>  —  a 

li  ax  ^  yn  ss  mx^  by  -^  tsx  ^  my^  cs  —  a^y  ss  fn$f  show 
that»  when  a;  =  0  and  y  s  0, 

(e  -  a){c  -  5)  =  zK 

62.  Find,  in  a  form  not  involving  surds,  the  result  of  elimi- 
nating »  between  the  following  equations: — 


+  Ba?  +  G  =  0 

ax^  +  5«  4"  c  =  0 
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68.  An  arithmetical  progression^  a  geometrical  progression^  and 
an  hannonical  progression  have  (each  of  them)  a  and  b  for 
their  first  two  terms ;  if  their  nth  terms  are  in  harmonical 
progression,  show  that 

i(n  -  l)(n  -  2)(a  -  5)«6--^ 

=  of  +  (»  -  2)a»5  -  (n  —  l)a"-^62. 

64u  If  a  giren  nnmber  N  =  a^l^c^  •  .  .  .  ,  where  a,  &,  o  .  .  .  . 

are  prime  numbers,  find  the  number  of  divisors  of  N,  and 

» 
show  that  the  product  of  these  divisors  is  equal  to  N^,  whero 
« is  the  number,  of  divisors. 

65.  Ascertain  whether  the  following  series  are  convergent  or 
divergent : — 


(e.) 

|.+  g-.  +  $I+---'^^«^»>l' 

(b.) 

_  +  _+_+  .... 

(c.) 

11             1+1             1 

66.  Show  how  to  describe  a  circle  which  shall  pass  through  two 
given  points,  on  the  same  side  of  a  given  straight  line,  and 
touch  that  straight  line. 

D  is  anj  point  in  the  side  AB  of  a  triangle  ABO  ;  show 
how  to  draw  a  straight  line  through  D,  cutting  AC  in  E, 
so  that  DE  may  be  equal  to  the  sum  of  the  perpendiculars 
let  fsH  from  D  and  E  upon  the  side  BG. 

67.  In  a  given  circle  draw  a  triangle  one  of  whose  sides  passes 
through  a  given  point,  and  whose  other  two  sides  are 
parallel  to  two  given  straight  lines.  Find  under  what 
circumstances  the  t;wo  sides  will  contain  an  angle  equal  to 
the  acute  angle  between  the  given  lines,  and  under  what 
circumstances  they  will  contain  an  angle  equal  to  the  obtuse 
angle  between  the  given  lines. 

68.  A  given  line  AB  is  divided  at  any  point  0;  equilateral 

triangles  ADG,  OEB,  are  constructed  on  the  same  side  of 
AB ;  show  that  for  different  positions  of  C  the  locus  of  the 
middle  point  of  DE  is  a  straight  line  parallel  to  AB,  and 
that  the  centre  of  the  circle  circumscribed  to  the  triangle 
ODE  is  a  fixed  point. 

69«  Let  CA  be  a  radius  of  a  circle  whose  centre  is  C ;  draw  CB 
at  right  angles  to  CA ;  show  how  to  draw  a  line  APQ  cut- 
ting the  oirdumf  erence  in  P  and  CB  in  Q,  such  that  the 
part  PQ  outside  the  circle  may  be  of  a  given  length. 


Digitized  by  VjOOQIC 


42  v.— PURE  MATHEMATICS,  STAGES  1,  2,  &  3. 

70.  Find  all  the  valaes  of  B  wluch  saiisfj  the  equation — 

sin  3d  -  2  8in»d  =  |, 

N.B.— 4  sin  18^  =  -/S  -  1. 

71.  If  A,  B,  G  are  the  angles  of  a  plane  triangle,  show  that — 

sin  ('B  -  C)       sin  (C  -  A)       sin  (A  -  B) 
sin  A  sin  B  sin  G 

_  4  sin  (A  -  B)  sin  (A  -  C)  sjn  (B  -  0) 
sin  2A  +  sin  2B  -f  sin  2C 

72.  ABG  is  a  plane  triangle,  r  and  B  the  radii  of  its  insorihed 
and  circnmscribed  circles.  Let  the  internal  bisectors  of  the 
angles  A,  B,  G  be  produced  to  meet  the  circnmscribed 
circle  again  in  D,  E,  F,  and  let  A  and  A'  be  the  areas  of 
the  triangles  ABG  and  DEF ;  show  that 

a;_  ja 

A         2r' 

•73.  Show  how,  by  means  of  De  Moivre's  theorem, 

aj^«  —  2aj"  cos  d  +  I 

can  be  resolved  into  qnadratio  factors. 

The  oiix^nmference  of  a  circle  (whose  radins  fs  r)  is 
divided  into  2n  equal  parts  at  points  P^,  Pj,  Ps  .  .  .  .  Pi. ; 
show  that,  if  chords  are  drawn  from  Pi  to  the  other 
points — 

PiPj,  .  P1P3  .  P1P4 PiP,  =  f*-Vn 

74.  Establish  the  following  identities,  wherein  each  of  the  series 
is  continued  ad  inf,^  and  tan  0  is  less  than  unity : — 

(a.)  2  mfe  +  i  .  4  sin*d  +  *  .  8  msfiO  +  .  .  . 

=  2{tan»d  +  i  tan«d  -f  i  tan^^  -f  ....}; 

(6.)  sin  d  +  i  sin«d  +  i  sin^d  +  .  .  .  . 

=  2{sin  d  —  ^  sin  3d  +  i  sin  5d  —  ....}. 

75.  If  A,  B»  0  are  the  angks  of  a  spherical  triangle,  show 
that— 

sinKA  +  B  +  G)  =  l+cosa-f  cos6-hooec^ 
*^  4  cos  ^  cos  ^6  cos  ^ 

76.  Let  P  be  an  angular  point  of  a  cube,  and  let  the  three  faces 
which  meet  in  P  touch  the  inscribed  sphere  in  points 
A,  B,  G ;  find  the  radius  of  the  small  circle  which  passes 
through  A,  B,  G,  and  the  sides  and  angles  of  the  spherical 
triangle  ABO. 
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Tablib  fob  thb  Qu£irriON8. 


Ix^ariihms  of  Nnmben. 

• 

Logarithms  of  Sines. 

^fxaaber. 

Logaxithm. 

Angle. 

Log.  Sin. 

2 

•301  0300 

1^    4o 

9-362  8892 

3 

•477  1213 

21 

8  4219 

13 

•118  9434 

18    40 

9-505  2339 

19588 

•291  9901 

41 

6077 

9 

2  0123 

59      5 

9-938  4445 

29719 

•4^3  0342 

63    15 

9-950  8412 

39176 

•593  0201 

16 

9049 

7 

0312 

73    50 

9-982  4774 

63864 

•805  2561 

51 

5140 

5 

2629 

88    52 

9-999  9150 

97941 

•990  9646 

53 

9175 

2 

9690 

v'2  = 

1^41421 

Logarithms  of  Tangents. 

^/3  = 

1^73205 

Angle. 

Log.  Tan. 

ve  = 

2-44949 

16    21 

9-467  4127 

22 

.8802 
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SUBJECT  V.     PUBE   MATHEMATICS,    STAGES 

4  and  5. 

Examiner,  THOMAS  SAVAGE,  Esq.,  M.A. 


General  Instructions. 
If  the  ndes  are  not  attended  to,  the  paper  will  be  cancelled. 

You  are  permitted  to  answer  questions  from  the  Fourth  Stage, 
or  from  the  Fifth  Stage,  or  from  the  Honours  paper,  but  jou 
must  confine  yourself  to  one  of  them« 

Put  the  number  of  the  question  before  your  answer. 

The  figures  in  descriptive  geometry  should  not  only  be  con- 
structed with  ruler  and  compasses,  but  the  construction  should 
in  all  cases  be  explained  and  its  accuracy  demonstrated. 

You  are  to  confine  your  answers  strictly  to  the  questions 
proposed. 

Your  name  is  not  given  to  the  Examiner,  and  you  are  for- 
bidden to  write  to  him  about  your  answers. 

The  examination  in  this  iuhject  lasts  for  three  hours. 


Fonrtli  Stage.— Sabjeeta:  Flane^  Solid,  and  DesoriptlYe 
Geometry  and  Oeometrloal  Conios. 

Instructions. 

You  are  not  permitted  to  attempt  more  than  eight  questionSi 
and  may  select  them  from  any  part  of  the  paper. 

The  values  attached  to  the  questions  are  shown  in  brackets. 


1.  If  the  sum,  or  the  difference,  of  the  two  base  angles  of  a 
triangle  be  equal  to  a  right  angle,  prove  that  the  perpen- 
dicular upon  the  base  from  the  third  angle  is  a  mean 
pi*oportional  between  the  segments  of  the  base  (internal  in 
the  first,  and  external  in  the  second  case)  made  by  the  foot 
of  the  perpendicular.  (16-) 

2.  If  each  side  of  one  triangle  be  perpendicalar  to  one  of  the 
sides  of  a  second  triangle,  prove  that  the  two  triangles  are 
simOar.  Given  any  point  in  one  of  the  shorter  sides  of 
a  rectangle,  show  that  two  rectangles  may  be  constructed, 
which  have  an  angle  at  the  given  point,  and  which  are 
inscribed  in  the  given  rectangle.  (18*) 
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3.  If  regular  polygons  of  n,  and  2n,  Bides  have  the  same 
perimeter,  prove  that  the  radius  of  the  circle  circumscribed 
about  the  first  is  a  third  proportional  to  the  radii  of  the 
circles  inscribed  in,  and  circumscribed  about,  the  second 
polygon". 

Assuming  that  the  radius  of  the  circle  circumscribed 
about  a  regular  hexagon  is  one-sixth  of  its  perimeter,  or 
otherwise,  show  that  l^e  area  of  a  regular  polygon  of 
twelve  sides  is  equal  to  three  times  the  square  on  the  radius 
of  the  circumscribed  circle.  (18.) 

4.  Prove  (1)  that  a  plane  which  is  perpendicular  to  each  of 

two  intersecting  planes,  is  perpendicular  to  their  inter- 
section, (2)  that  a  plane  which  is  parallel  to  each  of  two 
intersecting  lines,  is  parallel  to  the  plane  containing  the  two 
lines.  (16.) 

5.  How  is  the  angle  between  two  planes  measured?  If  of 
two  lines  drawn  from  a  point  in  the  intersection  of  two 
planes,  one  in  each  plane,  one  only  is  perpendicular  to  the 
common  section,  prove  that  the  angle  between  the  two 
lines  is  greater  than  the  acute  angle  between  the  two 
planes.  (18.) 

6.  The  frustum  of  a  pyramid  is  cut  by  a  plane  parallel  to  the 

two  ends  of  the  frustum,  and  equidistant  from  them,  and 
on  the  section  thus  formed  a  prism,  of  the  same  height  as 
the  frustum,  is  constructed.  Show  that  the  volume  of 
the  frustum  exceeds  the  volume  of  the  prism  by  one-fourth 
of  the  volume  of  a  pyramid,  of  the  same  height  as  tho 
frustum,  cut  ofE  from  the  completed  pyramid  by  a  plane 
parallel  to  the  ends  of  the  frustum.  (2^-) 

7.  How  are  straight  lines  and  planes  represented  in  descriptive 
geometry? 

Find  the  horizontal  projection  of  a  line  which  has  a 
given  vertical  projection,  intersects  the  axis,  and  is  parallel 
to  a  plane  whose  traces  are  given.  (16.) 

8.  Given  the  projections  of  two  linei5,  which  do  not  intersect, 
find  the  traces  of  a  plane  drawn  through  one  of  them  and 
parallel  to  the  other.  (16.) 

9.  Given  the  projections  of  three  points,  find  the  projections 
of  the  line  which  is  the  locus  of  points  equidistant  from 
the  three  given  points.  (18.) 

10.  Defining  a  conic  section  b^  means  of  its  focus  and  directrix, 
prove  that  any  conic  section,  which  is  not  a  parabola,  has 
a  second  focus  and  directrix ;  and  that  either  the  sum  or 
the  difference  of  the  focal  distances  of  any  point  of  tho 
onrve  is  constant.  /     (18.) 
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11.  Prove  that  the  external  angle  between  two  tangents  to  a 
parabola  is  half  the  angle  enbtended  at  the  focus  bj  the 
chord  of  contact.  What  does  this  proposition  become 
when  the  chord  of  contact  passes  through  the  focus  ? 

Prove  that  the  four  tangents  drawn  to  two  equal  para- 
bolas, which  have  the  same  focus,  but  their  axes  in  opposite 
directions,  at  the  points  where  any  straight  line,  through 
the  focus  meets  tne  two  curves,  form  a  x«ctangle  whose 
area  is  proportional  to  the  length  of  its  diagonal.      (20.) 

12.  In  an  ellipse,  prove  that  the  rectangle  under  the  perpendi- 

culars let  fall  from  the  foci  upon  anj  tangent  is  constant, 
and  equal  to  the  square  of  the  semi- minor-axis. 

Show  that  if  perpendiculars  be  let  fall  from  either  focus 
on  two  tangents,  the  line  joining  the  feet  of  the  perpendi- 
culars is  at  right  angles  to  the  line  joining  the  otner  focus 
with  the  intersection  of  the  tangents.  (20.) 


Fiifth  Stage. — Sabjeets :  Descriptive  Oeometry,  Bpherical 
Trigonometry,  Co-ordinate  Oeometry  of  two  and  of 
three  dimensions. 

iNSTaUCTIONS. 

Bead  the  General  Instructions  at  the  head  of  the  Fourth 
Stage  Paper. 

Ton  are  not  permitted  to  attempt  more  than  eight  qucBtions, 
and  may  select  them  from  any  part  of  the  paper. 

The  marks  assigned  to  the  questions  are  shown  in  brackets. 


21.  The  traces  of  a  plane,  and  the  projections  of  a  line,  in 

descriptive  geometry,  being  given,  construct  the  projections 
of  two  lines  in  the  plane,  of  which  the  first  cuts  the  given 
line  at  right  angles,  and  the  second  is  the  projection  of  the 
given  line  upon  the  plane. 

Prove  that  these  two  lines  are  at  right  angles  to  each 
other.  (30.) 

22.  Construct  the  vertical  projections  of  two  Knes,  which  touch  a 
given  sphere,  meet  the  vertical  plane  in  a  given  point,  and 
have  a  given  horizontal  projection,  which  cuts  the  prcnection 
of  the  sphere.  V^O 

23.  In  a  spherical  triangle,  prove  that  the  difference  of  any  two 
angles  is  less  than  the  supplement  of  the  third  angle. 

If  ahc  be  the  sides  of  a  spherical  triangle,  and  if 

cos  a+cos  6— cos  c=l, 

prove  that  one  of  isb»  angles  is  equal  to  the  sum  of  the 
other  two.  (30.) 
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24  Wbat  is  the  area  of  a  Bpherical  lune,  each  of  whose  angles 
is  A  ?  If  the  arc  BC  cat  off  equal  lengths  AB,  AG,  ^m 
the  arcs  bounding  the  lune,  and  the  area  of  the  isosceles 
triangle  ABC  be  one-foitrth  of  the  area  of  the  lune,  show  that 

cosAB-    «»i^ 
cosAli--^-^-^.  ^3^  J 

25.  Show  that  in  anj  spherical  triangle, 

.       h—c.      6  +  c      .a      Bin  (B— C)  .  ^  a 
t«n  —  tan  -^  00*5=  t^W+C)  *^2' 

by  proving  that  each  of  the  above  expressions  is  the  tangent 
of  the  arc  intercepted  between  the  middle  point  of  BC  and 
the  foot  of  the  perpendicular  upon  BC,  from  the  opposite 
angle  A.     Hence  deduce  Napier's  analogies.  (40.) 

26.  Prove  that,  in  any  spherical  triangle,' 

A+B         c  a+6   .      C 

CO8-^0Ofl2-=CO8-^8in- 

BmA+Bco8|=co8«-ioo8|.  (35.) 

27.  Prove  that  the  points  whose  oo^ordinaies  are  (8,  —7), 

(2, 1),  (~4,  9)  lie  in  the  same  straight  line,  and  find  the 
angle  between  this  line  and  the  line  y=  7x,  Whst  are  the 
equations  to  the  three  perpendiculars  on  the  sides  from 
the  opposite  angles  in  thp  triangle  formed  by  these  two 
lines  and  the  axis  of  x  Y  Verify  the  fact  that  these  perpendi- 
cnlars  meet  in  one  point.  (^0.) 

28.  Find  the  equation  to  a  circle  which  cuts  the  axis  of  x  in 
two  given  points,  and  passes  through  one  given  point  in  the 

•  axis  of  y.  Prove  that  the  locus  of  the  centre  of  a  circle, 
which  intercepts  a  chord  of  g^iven  length  on  the  axis  of  x, 
and  passes  through  a  given  point  on  the  axis  of  ]/,  is  a 
parabola.     Determine  the  co-ordinates  of  its  focus.    (35.) 

29.  Find  the.  equation  to  a  hyperbola  referred  to  its  asymptotes 
as  axes. 

If  a  right  angled  triangle  be  inscribed  in  a  rectangular 
hyperbola^  prove  that  the  perpendicular  from  the  right 
angle  on  the  hypothenuse,  touches  the  hyperbola.      (40.) 

30.  Rnd  the  polar   equation,  the  focus  being  the   pole,  to  a 

chord  of  a  conic  which  subtends  a  given  angle  at  the  focus. 
Hence  show  that  a  chord  of  a  hyperbola,  which  subtends 
at  the  focus  an  angle  equal  to  the  angle  between  the 
asymptotes  envelopes  a  parabola.  (35.) 

31.  Determine .  the  co-ordinates  (/,  g,  h)  of  the  foot  of  the 
perpendknlar  let  flBbU  from  the  point  (a,  b,  c)  upon  the 
plane 

Ar+By  +  Cz=0; 
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and  prove  that 

H)'-('-l)'-H)'=-^^- 

Give  a  geometrical  interpretation  to  this  resnlt.    (35.) 

32.  Find  an  expression  for  the  shortest  distance  between  two 
lines,  whose  equations  are  giyenr. 

Prove  that  the  shortest  distance  between  the  diagonal  of 
a  rectangular  parallelepiped  (whose  edges  are  abc)  from 
one  of  the  edges  (a)  which  it  does  not  meet,  divides  the 
diagonal  into  two  segments  whose  ratio  to  each  other  is 
the  duplicate  of  the  ratio  b  :  c.  (^0 


Honours  Ezaminatioxu 

Instructions. 

Read  the  (General  InstroctioiiB  at  the  head  of  the  Fourth 
Stage  paper. 

Ton  are  only  permitted  to  attempt  eight  questions,  and  may 
select  them  from  any  part  of  the  paper. 

The  values  attached  to  the  questions  are  shown  in  bittcketR. 


41.  Prove  that  the  anharmonic  ratio  of  four  points  in  a  line 
is  not  affected  by  an  interchange  of  any  two  of  the  points 
if  the  other  two  points  be  also  interchanged. 

Given  three  out  of  four  points  upon  a  straight  line,  whose 
anharmonic  ratio  is  known  to  be  the  same  as  that  of  four 
given  points  upon  a  second  straight  line,  construct  the  fourth 
point  by  the  ruler  only.  (45.) 

42.  Given,  in  descriptive  geometry,  the  centres  and  radii  of  two 

spheres,  and  the  projection  of  a  line,  construct  the  traces 
of  a  plane  which  touches  the  two  spheres  and  is  parallel  to 
the  line.  (65.) 

43.  The  sides  of  an  equilateral  triangle,  whose  area  ia  A,  are 

slightly  bent,  so  as  to  convert  the  triangle  into  a  spherical 
triangle  on  a  sphere  whose  radias,  r,  is  large  compared  with 
the  Eides  of  the  triangle.  Prove  that  the  area  of  the 
spherical  triangle  is,  very  nearly, 

A* 
^"^273V  (65.) 

44.  If  three  circles  have  a  common  radical  axis,  prove  that  any 
circle  which  touches  two  of  them  will  cut  the  third  at  a 
constant  angle.  (60.) 
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45.  A  point  P  moves  so  that  the  area  of  the  triangle,  formed  by 
joining  the  feet  of  the  perpendiculars  let  fall  from  P  upon 
the  sides  of  a  fixed  triangle,  is  constant.  Prove  that  P 
moves  npon  one  of  a  series  of  concentric  circles. 

What  is  the  maximum  value  of  the  area  of  the  triangle, 
for  points  within  the  fixed  triangle  ?  (^0  J 

46.  If  four  chords  of  a  conic  AA',  BB',  CC,  DD'  pass  through 
the  same  point,  prove  that  the  anharmonic  ratios  of  Uie 
pencils  formed  by  joining  ABCD  and  A'B'G'D'  to  any  point 
on  the  conid  are  the  same. 

Applj  the  result  to  inscribe  in  a  conic  a  polygon  of  »  sides, 
each  of  whose  sides  passes  through  one  of  n  given  points. 

47.  Through  how  many  points,  arbitrarily  chosen,  is  it  in 
general  possible  to  draw  a  cui*ve  of  the  nth  degree?  If 
«p— i(  j>— 1)  (p— 2)  of  the  points  of  intersection  of  a  given 
curve  of  the  pth  degree  with  a  curve  of  the  nth  degree  (n 
being  not  less  than  p)  be  known,  prove  that  the  remaining 
i  (2>  — 1)  (jp— 2)  points  of  intersection  are  determinate. 

(65.) 

48.  Find  the  locus  of  the  intersection  of  two  planes  which 
revolve  round  two  fixed  lines;  ^  as  to  be  always  at  right 
angles  to  each  other. 

Prove  that  the  angle  between  the  circular  sections  of  the 
surface  is  equal  to  the  angle  between  the  two  fixed  lines. 

(50.) 

49.  In   what  cases  will   the  general  equation  of  the  second 

degree  represent  (1)  a  cone,  (2)  a  right  circular  cone  whose 
vertical  angle  is  2^  P 

Determine  the  nature  of  the  surface, 

(ay-6aj)8+  (caj-(w)«+  (6«-ct/)»=:i.  (65.) 

50.  If  the  pole  of  the  plane  *of  intersection  of  two  similar  and 
similarly  placed  conicoids,  S  and  S',  with  respect  to  S  be 
the  centre  of  S',  then  the  pole  of  the  same  plane  with  respect 
to  S'  is  the  ^ntre  of  S ;  and  if  the  pole  of  the  plane  with 

respect  to  S  be  on  the  surface  S',  then  the  centre  of  S  is 
also  on  the  surface  S'.  (60.) 


(4688)  i> 
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SUBJECT  V.    FUSE  MATHEMATICS, 
STAGES  6  &  7. 

EiAMiHEK,  THOMAS  SAVAGE.  MA. 


Oehbbal  Ikstbuctiors. 
If  the  roles  are  not  attended  to,  the  paper  will  be  cancelled^ 

Tom  are  permitted  to  answer  questions  from  the  Sixtii  Stage, 
or  from  the  Seventh  Stage,  or  from  the  Honours  paper,  bat  you 
pnnst  confine  yoaraelf  to  one  of  them. 

Pat  the  number  of  the  question  before  your  answer. 

You  are  to  confine  your  answers  iPneiUf  to  the  qnestionfl 
proposed. 

X  our  name  is  not  given  to  the  Examiner,  and  you  are  for- 
l^idden  to  write  to  him  about  your  answen. 

The  examinaium  in  this  nuhject  lasts  for  three  hours. 


Sixth  Stage.— 8ab|Jo<^tB :   Differential  Caloulua  and 
Integral  CalcnlnB, 

Instbuctioks. 

You  are  only  permitted  to  cUtempt  eight  questions,  and  may 
•elect  them  from  any  part  of  the  paper. 

The  values  attached  to  the  que^ions  are  shown  in  brackets. 


1.  Define  a  differential  coefficient.     If  y  represent  the  number 
of  gallons  of  water  in  a  leaking  tank,  x  the  number  oi 

hours  since  the  tank  was  full,  what  does  -^  represent,  and 

ax 

is  it  positive  or  negative  ? 

Differentiate. 

^     --te-a     .   -13+^        -il-«« 
tan     5-,  SI       >   y- a,  cos -, 

and  state  any  conclusions   which  may  be  drawn  from  a 
comparison  of  the  results. 

(30.) 
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2.  If  «x±An  (m  tan  '^a;)>  prore  thst 

g(l+aj»)H^  (2a:-h2aj3)+wA»=0, 

and  thence,  bj  ose  of  Leibnitz's  theorem,  show  tihat  if  An 
denote  the  Talue  of  ^^  when  x  is  put  eqnal  t6  tdiO, 

(WJ* 

A»n+(2i.»+m»)A«+ft(i.-l)*(n-2>A«_j=0. 

(35.) 

Q 

3.  Apply  Machkorin'B  theorem  to  find  the  expansion  of-; — -  in 

powers  of  ^  as  far  as  the  term  involving  0^. 

(30.) 

4.  When,  is  a  function  of  x  said  to  be  continnoos  i  If  /(») 
be  such  a  function,  and  /(a)=/(5),  prove  that  f(x)  wili 
pass  through  an  odd  number  of  maxima  and  minima 
valaes,  as  x  changes  from  a  to  fr. 

If  chords  of  an  ellipse  be  drawn  through  a  fix«d  point 
in  the  mitior  axis^  prove  that  the  minor  axis,  and  the  chord 
parallel  to  the  major  axis  are  either  maximum  or  minimum 
^ords.  If  they  be  equal  to  each  other,  prove  that  they 
are  both  minimum  chords,  and  that  the  maximum  chord  is 
an  arithmetic  mean  between  the  major  axis  and  the  latus 
rectum  of  the  ellipse.  (^)* 

5.  If  X  and  y  be  both  given  as  functions  of  z^  express  ^  and 

^  in  terms  of  the  differential  coefficients  of  x  and  y  with 
respect  to  z. 

In  the  cycloid,  «=a(^— sin  0),  y=a(l— cos  d),  prove  that 
the  radius  of  curvature  is  equal  to  twice  the  normaL 

(35.) 

6.  The  equation  to  a  curve  being  given  m  polar  co-ordinates, 

find  the  angle  between  the  radius  vector  and  the  tangent 
at  any  point,  and  the  length  of  the  perpendicular  on  tha 
ta&gent. 

Find  the  locus  of  the  feet  of  perpendiculars  from  the 
polo  on  the  tangents  to  the  lemniscate, 

r«=a2  cos  2d.  (36.) 

7.  Trace  the  curve, 

Lointing  out  the  nature  of  the  singular  point  at  th^  origin* 
Find  where  ihe  curve  cuts  its  asymptote,  and  the  equations 
of  the  two  tangents  parallel  to  the  axis  of  4;.  Prove  that 
the  curve  intercepts  equal  lengths  on  these  two  tangents* 

(40.) 
u  2 
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8.  What  is  meant  by  integration  by  parts  P    Apply   it   to 
determine  the  following  integrals — 

r  €*  cos  4aj  iar,       I    6**«'daj,    T  «*  cos^o?  dx.      (35.) 

9.  Integrate 

[      dx  C      das  r  dx  ^^ 

10.  Find  (1)  the  area  ent  off  from  a  loop  of  the  curve, 

by  the  line  y=x,  (2)  the  length  of  any  arc  of  the  hyperbolic 
spiral  re=::a.  (40.) 

11.  Find  the  surface  of  a  prolate  spheroid,  or  the  surface 
generated  by  the  revolution  of  an  ellipse  round  its  major 
axis.  (35.) 

12.  A  square  having  bden  inscribed  in  a  circle,  the  area  made 

up  of  the  square  and  the  segment  of  the  citde  cut  ofiE  by 
one  of  the  sides  of  the  square  revolves  round  the  opposite 
side  of  the  square.  Find  the  volume  and  the  surface  of 
the  solid  thus  generated.  (35.) 


Beventli  Stage.— SnbjeotB :  Differential  CalouloB,  Inte- 
gral  Calculns,  Differontial  Eqaations^  and  Flnito 
Differences. 

•  Instbuctionb. 

Bead  the  General  Instroctions  at  the  head  of  the  Sixth  Stage 
pap€lr. 

You  are  only  permitted  to  attempt  eight  qnestions,  and  may 
select  them  from  any  part  of  the  paper. 

The  values  attached  to  the  questions  are  shown  in  brackets. 


21.  How  may  (1)  the  asymptotes,  (2)  the  cusps,  of  the  evolute 
of  a  given  curve  be  determined  ? 

'  If  /»,  /»'  be  the  radii  of  curvature  of  a  curve  and  its 
evolute  at  corresponding  points,  $  the  arc  of  the  involute 
measured  from  a  fixed  point,  prove  that 

/=/^  (40.) 

22.  If  three  of  the  sides  of  a  qnadrilateral  be  a,  6,c,  respectively, 

prove  that  when  the  area  of  the  qnadrilateral  is  a  maximum, 
the  length  of  the  fourth  side  will  be  determined  by  the 
cubic, 

»»-(a»+6«+c«)aj-2a6c=0.  ,      (46.) 
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28.  Find  (1)  the  locns  of  the  nltiinate  intersections  of  tangent 
planes  to  the  snrface 

at  points  where  it  is  met  bj  a  given  plane  (2)  the  locos  of 
the  intersections  of  the  normals  at  the  same  points  with 
the  plane  of  xy,  (^0 

24b  Integrate 

foot  X  dx       J  >/T+s?dx 
.1  +  2 cos »    J     l-«*    ' 
and  find  tlie  valne  of 

where  n  is  uny  positive  integer.^  (55,) 

25.  Find  (1)  the  whole  area  of  the  envelope  of  circles/  whose 
centres  are  on  a  given  ellipse,  and  which  pass  thro;agh  the 
c^tre  of  the  ellipse  (2)  the  volume  of  the  closed  surface 


©'HO'-G)'-- 


26.  Define  the  first  Eulerian  integral  B  (2,  m),  and  prove  the 
relation  which  connects  it  with  the  Oaxnma  function. 

Hence  find  the  yalu^  of  B  (I,  m)  when  either  I,  n^  or 
Zrm,  is  a  positive  integer.  C^^-) 

27.  lotcgrate  the  linear  differeniifl^  equation  of  the  first  order. 
In  the  linear  differential  equation  of  the  second  order, 
show  that  by  changing  the  independent  variable  to,  a 
properly  chosen  function  of  x,  the  term  involving  the  first 
differential  coefficient  of  y  may  be  made  to  disappear. 

Intdgrate  the  equatipn 

-z-^— -:;S^otaj— t/sin*aj=0,  /kk  \ 

da^    dx  ^  (550 

28.  Integrate  the  equsitions 

(10y+7aj+4)^+8y+5»+2=0. 

(mgx — nxy)  - — J-  (nxy — 2y «)  --  =s  lyz — mssx. 

'   ax  ay 

(66.) 

29.  Find  the  differential  equation  to  a  curve  in  which  the 
rectangle  under  the  perpendiculars  let  fall  from  two  fixed 
points  on  the  tangent  is  equal  to  the  square  of  the  distance 
of  the  point  of  cpntact  from  the  line  joining  the  two  fixed 
points,  and  thence  determine  the  curve.  (45.) 
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JO,  U^'ih  vawh  wl^axie^er  n  jp  gvei^ter  thipi  Jk,  wHt  »«f  ^^^ 
infer  as  to  the  function  ti«  ? 

It  is  asserted  that  a  qoa^titj,  which  varies  from  da^  to 
day,  is  a  rational  and  integral  function  of  the  day  of  the 
^fiontli,  of  less  than  the  fifth  degree,  and  that  its  values  on 
the  first  seven  days  of  the  month  are 

30,  30,  28,  25,  22,  20,  20. 

Examine  whether  these  assertions  are  consistent.  If 
so,  assume  then^  to  be  true,  and  find  (I)  the  degree  of  tHe 
function,  (2)  its  value  on  the  sixteenth  of  the  month. 

(40.) 

31.  If  a;  be  any  quantity  less  than  unity,  prove  that  the  limit 
of  the  series 

l"+2"aj+3«^-»- ad  infinitum 

(40.) 

32.  Preve  that  if  u.,  v,  be  any  f  naotions  of  «, 

5(l«^,)^tt^l  So,— Att^ 2«t7.+ A*».^  S»t?^-4c, 
Fia4  the  sum  to  n  terms  of  the  series 

I«cos*+2«oo8  2a;+3«cos3a;+....  (55.) 


Bononn  Xiaminalicm. 

Instructions. 


Read  the  General  Instructions  at  the  head  of  the  Elementary 
paper. 

Ten  are  only  permitted  to  cUtempt  mght  questions,  and  qi&j 
select  them  from  any  part  of  the  paper. 

The  values  attached  to  the  questions  differ  but  little  from  oxie 
another. 


41 .  If  ajscc'^      ,  y =€^      ,  transform  the  expression 

into  one  in  which  0,  0  are  the  independent  variables. 

42.  If  n— 1  of  tbe  sid^s  of  a  polygon  of  n  sides  be  givep,  prove 

that  when  the  area  of  tl^e  polygon  is  a  maximum,  a  circle 
can  be  pircumscribed  about  it^  and  the  n^  side  is  the 
diameter  of  the  circle  so  circomaoribed. 
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tt.  W^ii  one  corre  rolls  upon  anoihee  fixed  emrw^  deto'imatf 
tlia  rftdinft  ol  cnnrashire  of  the  rovletta  traced  oot  bj.anj 
poHti^  fixed  in  ihe  rolling  curve,  in  terma  e£  the  radii  of 
enrratnre  of  the  two  oorrea  and  the  position  of  the  tracing 
point  relaisTe  to  the  point  in  whioh  the  two  earvea  tooeh- 

If  the  rolling  cnrre  be  a  oonio  section,  shew  that  at 
each  instant  dnring  tbe  motion,  the  locna  of  the  centres  of 
cnrvalnre  of  all  the  roulettes  traced  by  points  on  the  curve 
18  a  conic  section. 

w 

44.  Express  the  integral,  I  sin  '~^a$  eoa  ^^x  dx^  in  terms  of  the 

Gamma  function. 

If  V  be  the  volume  enclosed  by  the  surface 

and  A  the  area  of  the  curve  in  which  it  meets  the  plana 
of  xy,  show  that  _ 

45.  Tbe  square  of  the  arc  of  a  curve,  measured  from  a  given 
point,  togethei'  with  the  square  of  the  radius  of  curvature 
at  the  extremity  of  the  arc,  is  constant.  Determine  the 
equation  to  the  curve. 

46.  Show  that  any  surface  is  intersected  by  its  tangent  plane 
in  a  curve  which  has  a  double  point  at  the  point  of  contact. 
If  the  two  branches  of  this  curve  at  the  double  ])oint  cut 
each  other  at  right  angles,  ]»ove  that 

(l-h|?»)r-2pg*+(l-Hg»)*=0. 

47.  Prove  the  fundamental  property  ot  geodesic  hues,  and  in 
a  central  conicoid,  if  D  be  tbe  diameter  parallel  to.  the 
tangent  at  any  ])oint  of  a  geodesic  line,  and  j?  tbe  perpen- 
dicular from  the  centre  on  the  tangent  plane  at  that  point, 
prove  that  pD  is  constant  throughout  the  geodesic. 

If  two  geodesies  touch  the  same  line  of  curvature  show 
that  at  their  point  of  intersection  ihey  make  equal  angles 
with  a  line  of  curvature  through  that  point. 

48.  Through  the  points  (0,  a),  (a,  a)  a  curve  is  dri^wn  of  such 

form  that  |  ^y  ds  taken  between  these  limits  is  a  minimum. 
Show  that  the  curve  is  a  parabola,  and  that  the  value  of 

the  integral  is     .    ,-    at. 
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49.  CKve  a  abort  account  of  the  method  of  finding  the  fdngnlMT 

solution  of  a  differential  equation  of  the  first  order  (1)  from 
its  complete  primitiye,  (2)  from  the  differential  equation ; 
and  explain  tne  geometrical  nature  of  the  loci  which  are 
.  obtained,  when  thej  are  not  of  the  envelope  jsipecies. 
Take  as  an  example  the  equation 

whose  complete  primitive  is  (2aj'+3ajy  +  c)*=4(a)*4-y)*- 

50.  Integrate  the  equations  of  differences 

having   given  that  a  particular  solution   of  the  last  is, 

X 

aj-hl 


SUBJECT  VI.    THEOBETICAL  MECHANICS. 

ExAMiKBB,  REV.  J.  P.  TWISDEN,  M.A. 


Genebal  Instbuctions. 
If  the  rules  are  not  attended  to,  your  papers  will  be  cancelled. 

You  maj  take  the  Elementaiy,  or  the  Advanced,  or  the 
Honours  paper,  but  jou  must  confine  yourself  to  one  of  them. 

Put  the  number  of  the  question  before  your  answer. 

The  value  attached  to  each  question  is  shown  in  brackets  after 
the  (question.  But  a  full  and  correct  answer  to  an  easy  question 
will  in  all  cases  secure  a  larger  number  of  marks  than  an  incom- 
plete or  inexact  answer  to  a  more  difficult  one. 

You  are  to  confine  your  answers  strictly  to  the.  questions  pro- 
posed. 

Your  name  is  not  given  to  the  Examiner,  and  you  are 
forbidden  to  write  to  him  about  your  answers. 

The  examination  in  this  subject  lasts  for  three  hours. 
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First  stage  or  Elementary  Examination. 

Ikstbuotions. 

You  are  not  permitted  to  attempt  more  tlian  seyek  questions. 
You  may  select  tbem  from  anj  part  of  the  paper.         * 

1.  State  how  to  find  the  position  of  the  centre  of  grayitj  in 
the  following  cases  : — (a)  a  sqnare  lamina,  (6)  a  triangular 
lamina,  (c)  a  cone  ;  each  body  being  of  nniform  density. 

If  a  body  is  held  suspended  by  a  thread  fastened  to  a 
point  of  it,  in  what  position  does  it  come  to  rest  ?     (12.) 

2.  Forces  of  10,  13.  and  16  nnits  act  at  a  point  and  are  in 
eqnilibrinm ;  show  by  a  dia^^m  how  they  act,  and  note 
the  angles  between  their  directions.  (12.) 

3.  A  rod  (AB)  can  turn  freely  round  a  hinge  at  A,  and  rests 
in  an  inclined  position  with  its  end  B  against  a  smooth 
Tertical  wall ;  show  in  a  diagram  how  the  forces  act  which 
keep  the  rod  at  rest,  and  name  them,  (16*) 

4.  Define  the  moment  of  a  force  with  respect  to  an  assigned 
point. 

A  nniform  rod  re^ts  in  a  horizontal  position  on  two  sup- 
ports 8  ft.  apart,  one  nnder  each  end ;  it  weighs  6  lbs. ;  a 
weight  of  24  lbs.  is  hung  to  it  from  a  point  distant  3  ft. 
from  one  of  the  points  of  support;  find  the  pressure  on 
each  point  of  support.  ( 14.) 

5.  State  what  is  meant  by  the  sensibility  of  a  balance,  and 
explain  why  the  sensibiUty  is  great  when  the  arms  are  long, 
and  also  when  the  centre  of  gravity  of  the  beam  is  near  ^e 
point  of  support.  (1^*) 

6*  Define  a  foot-pound  of  work. 

A  man  weighing  140  lbs.  puts  a  load  of  100  lbs.  on  his 
back  and  carries' it  up  a  ladder  to  a  height  of  50  ft. ;  how 
many  foot-pounds  of  work  does  he  do  altogether,  and  what 
part  of  his  work  is  done  usefully  ?.  0-^') 

7.  If  the  velocity. of  a  body  is  inereased  uniformly  in  each 
second  by  32  ft.  a  second,  by  how  many  feet  a  second  is  its 
velocity  increased  in  one  minute  ? 

If  a  velocity  is  1920  ft.  a  second,  what  i^  it  in  yards  a 
minute  ?  (10.) 

8.  Write  down  the  formula  for  the  distance  described  in  a 

given  time,  by  a  body  whose  velocity  is  uniformly  accele- 
rated. 

A  body  thrown  upwards  against  gravity  reaches  a 
greatest  height  of  121  ft. ;  find  the  velocity  with  which  it 
18  thrown  np,  and  the  i^iimber  of  seconds  that  will  elapse 
before  it  returas  to  the  point  o.f  projeotion.    (g  =  32). 

(16.) 
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9.  A  body  wbwe  maas  is  10  lbs.  is  moTing  at  the  HJtm  of  50  ft. 
a  second ;  what  is  the  numerical  valne  of  its  kinetic  energy 
at  that  instant  ?  If  from  .that  instant  it  moves  against  a 
constant  resistance  equal  to  one-twentieth  of  its  weight, 
howiar  does  it  go  before  being  brought  to  rest  ?   (g  =  §2.) 

(U.) 

10.  When  a  bodj  is  wholly  or  partly  immersed  in  a  liquid,  what 
is  the  magnitude  of  the  resultant  pressure  of  the  liquid 
on  the  body  ? 

A  body,  whose  specific  gravity  is  1*4  and  volume  8  cubic 
ft.,  is  placed  in  a  vessel  in  which  there  is  water  enough  to 
cover  it ;  what  pressure  does  the  body  produce  on  the  points 
of  the  bottom  at  which  it  is  supported  r  (12.) 

11.  Sxplain  briefly  the  method  of  finding  the  Specific  gravity  of 
an  insoluble  body  by  means  of  the  balance. 

If  the  body  weighs  732  grains  in  vacuo,  and  252  grains 
in  water,  what  is  ite  specific  gravity  ?  (lO.) 

12.  A  tube  filled  with  water  is  inverted  with  its  open  end  in 
water,  no  air  having  got  in ;  the  top  of  the  tube  is  20  ft. 
above  the  surface  of  the  external  water.  If  the  water- 
barometer  stands  at  34  ft.,  what  is  the  pressure,  in  pounds 
per  square  foot,  at  a  point  of  the  inside  of  the  top  of  the 
tube  ?    (1  cubic  ft.  of  water  weighs  1000  oz.) 

What  would  be  the  consequence  of  making  a  hole  through 
the  top  of  the  tube,  and  why  would  the  consequence  follow  ? 

(14.) 


Second  Stage  or  Advanced  Kzamination. 

Instbuctions. 

Bead  the  General  Instructions  on  the  first  page. 

Tou  are  not  permitted  to  attempt  more  than  eight  questions. 
You  may  sdeet  them  from  any  paH  of  the  p^per. 


21.  State  and  prove  the  rule  for  finding  the  resultant  of  two 
parallel  forces  acting  towards  the  same  part  on  a  rigid 
body. 

Parallel  forces  of  10  and  20  units  act  towards  the  same 
part  at  A  and  B ;  a  force  of  15  units  acts  from  A  to  B ; 
find  the  resultant  of  the  three  forces,  and  show  in  a  diagram 
how  it  acts.  (20.) 

22.  Show  that  two  couples,  whose  moments  are  equal  and  of 
opposite  eigpas,  are  in  equilibrium  when  they  act  in  the  same 
plane  on  a  rigid  body.  (15.) 
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IS.  A9GD  ia  a  quadrilateral  fi^^e,  P  and  Q  are  tha  middle 
fMsinta  of  the  oppoeite  sides  AB  and  CD ;  O  is  the  middle 

8 nut  of  PQ ;  ahow  that  four  forcea,  repvesented  bj  OA, 
B,  OG,  OD  respectiyelj,  axe  in  eqnilibriam.  (^0 

M.  ABO  ia  a  rigid  equilateral  triangle  (whose  weight  is  put  out 
of  the  qnestion)  ;  the  vertex  B  is  fastened  bj  a  hinge  to  a 
wall,  while,  the  Tertez  G  rests  against  the  wall,  nnder  B ;  if 
a  given  weight  is  hnng  from  A,  find  the  reactions  at  B 
andG. 

What  are,  the  magnitude  and  direction  of  the  forces 
exerted  bj  the  weight  on  the  wall  at  B  and  0  P  (30.) 

95.  Define  the  coefficient  of  friction. 

A  weight  of  500  lbs,  ia  placed  on  a  table,  and  is  jnst  not 
made  to  slide  by  a  horizontal  poll  of  ld5  lbs.;  find  the 
coefficient  of  friction,  and  the  number  of  degprees  ip  the 
angle  of  friction  bj  drawing  it  to  scale ;  or,  if  you  have 
no  instruments,  explain  how  to  calculate  the  number  of 
degrees.  (15.) 

26.  Find  the  relation  between  the  power  and  the  weight  in  the 
screw  press,  talring  into  account  the  friction  between  the 
threads  of  the  screw  and  of  the  companion  screw.      (15.) 

27.  Define  a  foot-pound  of  work,  and  a  horse-power. 

A  steam-crane,  working  with  3  horse-powers,  is  found  to 
raise  a  weight  of  10  tons  to  a  height  of  50  ft.  in  20  minutes ; 
what  part  of  the  work  is  done  against  friction?  If  the 
crane  is  kept  at  similar  work  for  8  hours,  how  many  foot- 
pounds of  work  are  wasted  on  friction  ?  (15.) 
^.  Jind  the  position  of  a  body  at  the  end  of  a  g^ven  time  from 
the  instant  at  which  it  is  thrown  with  a  given  velociiy  in  a 
given  direction,  the  motion  being  supposed  to  take  place  in 
vacuo. 

A  body  is  thrown  in  a  direction  making  an  angle  of  30"* 
with  the  horizon,  and  passes  through  a  point  whose  hori- 
zontal distance  from  the  point  of  projection  400  ^  3  ft., 
and  vertical  height  above  the  point  of  projection  76  ft. ;  find 
the  velocity  of  projection     (g  3=  32.)  (30.) 

29.  A  particle,  whose  n:iass  is  10,  moving  with  a  velocity  5, 
meets  and  impinges  directly  on  another  particle  whose  mass 
is  20  and  velocity  3 ;  the  coefficient  of  restitution  is  0*125 ; 
find  from  first  principles  the  velocities  of  the  particles  at 
the  end  of  the  impact. 

State  the  dynamical  principles  employed  in  answering 
thi^  question,  aqid  define  the  coefficient  of  restitution. 

(25.) 

80.  A  flywheel  weighs  10,000  lbs.,  and  is  of  such  a  size  that  the 
matter  composing  it  may  be  treated  as  if  concentrated  on 
the  oircnmferenee  of  a  circle  12  feet  in  radius ;  what  is  its 
kinetic  energy  when  moving  at  the  rate  of  15  revolutions  a 


Digitized  by  VjOOQIC 


60  VI.— THEORETICAL  MEOHANIO& 

minute  ?  How  many  tnms  would  it  make  before  ooming 
CO  rest,  if  the  steam  were  cut  off  and  it  moved  against  a 
friction  of  400  lbs.  exerted  on  the  circumference  of  an  axle 
1  ft.  in  diameter  ?     (flr  =  32.)  (30.) 

31.  Define  the  centre  of  pressure  of  a  fluid  on  a  plane  area,  and 
find  its  position  in  the  case  of  a  rectangular  area,  one 
edge  being  on  the  surface  of  the  fluid. 

Find  where  the  centre  of  pressure  of  the  rectangle  would 
be,  if  its  plane  were  vertical  and  its  upper  edge  (which  is 
f       horizontal)  below  the  surface  of  the  water-  at  a  distance 
equal  to  the  height  of  the  rectangle.  (2^-) 

32.  Given  the  specific  gravities  of  two  liquids,  show  how  to 
calculate  the  specific  gravity  of  a  mixture  of  given  volumes 
of  the  two  liquids,  assuming  that  the  mixture  takes  place 
without  change  of  volume. 

Three  pints  of  a  liquid,  whose  specific  gravity  is  0*8,  are 
mixed  with  five  pints  of  another  liquid,  whose  specific 
gravity  is  1'04 ;  find  the  specific  gravity  of  the  mixture, 
(a)  if  there  is  no  coi^traction,  (b)  if  on  mixture  there  is  a 
contraction  of  5  per  cent,  of  the  joiut  volvimes..  (20.) 


HoziQnrB  Ezamlnatiozi, 

Instbuctigns. 

Bead  the  General  Instructions  on  the  first  page. 

You-  are  not  permitted  to  attempt  more  than  eight  questions. 
You  may  select  them  from  any  part  of  the  paper. 


41.  Find  the  position  of  the  centre  of  g^vity  of  a  very  fine 
piece  of  wire,  bent  into  the  form  of  a  circular  arc  of  given 
radius. 

Calculate  (by  Guldin's  rule)  the  area  of  the  surface  of 
the  solid  formed  by  the  revolution  of  the  arc  of  a  quadrant 
of  a  circle  rqund  its  chord.  (^O 

42.  A  given  force  acts  at  right  angles  to  the  plane  of  a  given 
couple ;  show  that  the  three  forces  cannot  be  reduced  to 
fewer  than  two,  and  that  the  reduction  can  be  effected  in 
an  infinite  number  of  ways. 

Let  ABGD,  ABEF  be  two  faces  of  a  cube ;  a  given  force 
acts  along  the  edg^  BC,  and  an  equal  force  along  the 
diagonal  AE  ;  show  how  to  resolve  them  into  a  couple  and 
a  force  at  right  angles  to  the  plane  of  the  couple.      (00.) 
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48*  A  and  B  are  twx)  points  in  a  horizontal  line ;  the  ends  of  a 

-   thread,  whose  length  is  less  than  3AB,  are  fastened  to  A 

and  B ;  let  C  and  D  be  points  dividing  the  thread  into 

three  eqnal  parts ;  if  equal  weights  are  &8tened  at  C  and 

D,  find  the  tensions  of  the  parts  of  the  thread.  (^0 

44.  A  rough  cylinder  is  placed  endwise  on  a  rongh  horizontal 
plane,  against  whi^h  it  is  pressed  bj  a  given  weight ;  find 
the  moment  of  the  couple  which  will  just  turn  it  against  the 
friction  of  the  plane.  (^O 

45.  Find  an  expression  for  the  radius  of  curvature  at  any  point 
of  the  neutral  axis  of  a  prismatic  beam  slightly  bent  by 
forces,  acting  in  a  plane  containing  the  axis  of  the  beam, 
at  right  angles  to  the  axis  in  its  undeflected  state. 

A,  B,  G,  D  are  four  points  takcTn  in  order  along  the  axis 
of  a  beam  of  uniform  cross  section ;  the  beam  is  kept  at 
rest  by  forces  acting  at  these  points ;  those  at  A  and  B 
form  a  couple,  and  so  do  those  at  G  and  D ;  the  weight  of 
the  beam  is  neglected  ;  show  that  the  radius  of  curvature 
of  the  axis  has  the  same  value  at  all  points  between  B 
and  G.  .  (50.) 

46.  Define  the  virtual  moment  or  virtual  work  of  a  force.     If 

X  and  Y  are  rectangular  components  of  a  force  P,  shfxyr 
that  the  virtual  work  of  P  equals  the  sum  of  the  virtual 
works  of  X  and  Y. 

Apply  the  principle  of  virtual  velocities  to  find  the  rela- 
tion between  the  power  and  the  weight  on  a  rough  inclined 
plane,  when  the  power  is  about  to  make  the  weight  slide 
up  the  plane.  (50.) 

47.  If  X  and  y  are  the  co-ordinates  of  a  moving  point,  explain 
briefly  why  its  velocities  parallel  to  the  axes  of  x  and  y  are 

^and  §?. 

A  rod  moves  with  its  ends  A  and  B  in  two  fixed 
rectangnlar  axes,  Ox  and  O^,  respectively ;  given,  at  any 
instant  the  velocity  of  A  along  Ox,  find  that  of  B  along  Of/, 
and  the  velocity  and  direction  of  the  motion  of  the  middle 
point  of  the  rod.  (50.) 

48.  Find  the  moment  of  inertia  of  a  square  about  one  edge, 
and  deduce  from  it  that  of  a  right  angled  isosceles  triangle 
about  the  hypotenuse.  C^*) 

49.  Define  the  centres  of  suspension  and  oscillation  of  a  com- 
pound pendulum ;  state  exactly  what  is  meant  by  their  con- 
vertibility and  prove  it.  (40.) 

50.  A  perfectly  flexible  chain  hangs  over  a  smooth  fixed  point, 
and  is  allowed  to  move  under  the  action  of  gravity ;  when 
it  is  in  any  given  position  find  ;~(a)  the  acceleration  of  its 
velocity,   (&)  the  tension  at  a  given  point  of  its  length. 
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Yerifj  the  formula  for  the  tenBioa  bj  dedaoiBg'  tfom.  ii  (4) 
the  teiiNion  at  the  middle  point  whea  the  hanging  end^  arc 
eqoalf  and  (d)  the  tension  at  any  point  when  the  chain  is 
jnst  leaving  the  smooth  point.  (60.) 

51.  As^ming  the  temperatare  of  the  air  to  be  constant,  fthow 

that  the  difference  between  the  altitudes  of  two  stations 
equals 

H(logA  -  logW. 
where  h  is  the  height  of  the  barometer  at  the  lower,  and  hi 
its  height  at  the  upper  of  the  two  stations  respectively. 

What  quantities  would  have  to  be  determined  in  order  to 
assign  a  numerical  value  to  HP  What  is  H  commonly 
called,  and  what  is  (approximately)  its  numerical  yalne  in 
feet?  (50.) 

52.  On  a  vertical  wall  of  a  reservoir  a  circle  is  described  with 
its  centre  on  the  suHkce  of  the  water ;  find  the  centre  of 
fluid  pressure  of  the  part  under  water.  (40.) 


SUBJECT  Vn.    APPLIED  MECHANICS. 

ExAHiNBR,  PROFESSOR  GOODBVE,  M.A. 

OsNERAL  Instructions. 
If  the  rules  are  not  attended  to,  the  paper  witt  be  cancelled. 

You  may  take  the  Elementarj,  or  the  Advanced,  or  the 
Honours  paper,  but  you  must  confine  yourself  to  one  of  them. 

Put  the  number  of  the  question  before  your  answer. 

You  are  to  confine  your  answei'S  itrUsUy  to  the  questions 
proposed. 

Your    name  is  not  given  to  the  Examiner,  and  yon  are 
forbidden  to  write  to  him  about  your  answers. 

Hie  examinaiion  in  this  subject  lasts  for  three  hours. 


First  Stage  or  Elementary  Examinatton. 

Instructions. 

You  may  not  aiten^t  more  them  five  questions. 

The  value  attached  to  each  question  is  shown  in   brackets 
after  the  question. 
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1.  Wben  a  body  is  r^uied  thtongh  a  giren  height,  how  is  the 
'     work  done  eatimated  P    A  hody  weighixig  8  cwt.  is  drawn 

along  100  feet  up  an  indiBe,  which  rises  2  feet  in  height 
for  every  5  feet  along  the  incline ;  the  resistance  of  friction 
being  neglected,  find  the  work  done.  (1^0 

2.  A  capstan  is  worked  by  two  men  on  opposite  sides,  each 
pressing  a  capstan  bar  with  a  force  of  90  lbs.  at  a  distance 
of  4  feet  from  the  axis.  The  rope  is  wrapped  ronnd  a 
drum  whose  diameter  is  1  foot ;  find  the  poll  on  the  rope 
which  would  balance  the  pressure  on  the  capstan  handles. 
Make  a  diagram  showing  the  action  of  the  forces,  and  find 
the  pressure  apon  the  centi&l  shaft  on  which  the  capstip 
turns.  (20.) 

3.  What  is  the  pitch  of  a  screw  P     Distinguish  between  a 

single  and  a  double-threaded  screw ;  in  what  cases  would 
the  latter  be  usedP  Why  are  holding-down  bolts  made 
with  angular  threads  ?  (15.) 

4.  A  pinion  with  20  teeth  works  in  a  straight  rack,  the 
distance  from  centre  to  centre  of  the  teeth  in  the  pinion 
being  ^  inch.  The  pinion  is  driven  by  a  ratchet  wheel 
fixed  on  the  pinion  shaft,  and  the  ratchet  wheel  has  40 
teeth ;  find  the  advance  of  the  rack  in  inches  for  each  tooth 
moved  through  by  the  ratchet  wheel.  (^5.) 

5.  A  tackle  is  formed  of  two  blocks,  each  weighing  15  lbs., 
the  lower  one  being  a  single  movable  pulley,  and  tiie  upper 
or  fixed  block  having  two  sheaves ;  the  parts  of  the  cord 
are  vertical,  and  the  standing  end  is  fixed  to  the  movable 
block ;  what  pull  on  the  co^  will  support  200  lbs.  hung 
from  the  movable  block,  and  what  will  then  be  the  pressure 
on  the  point  of  support  of  the  upper  block  P  Sketch  the 
arrangement.  (20.) 

6.  Sketch  a  Fly-press,  explain  its  action,  and  state  for  what 
purposes  it  is  chiefly  used.  Find,  in  foot-pounds,  the 
amount  of  work  accumulated  in  a  body  which  weighs 
80  lbs.  and  has  a  velocity  of  20  feet  per  second.  (20.) 

7.  In  the  vertical  plane  side  of  a  tank  holding  water  there  is  a 
rectangular  plate  whose  depth  is  1  foot  and  breadth  2  feet, 
the  upper  edge  being  horizontal,  and  8  feet  below  the 
surface  of  the  wator ;  find  the  pressure  on  the  plate.  The 
weight  of  a  cubic  foot  of  water  is  62*5  lbs.  (15.) 

8.  Describe,  with  a  sketch,  an  ordinary  suction  or  lifting 
pump,  and  explain  its  action.  (15.) 

9.  Sketch  a  section  through  a  hydraulic  press,  and  describe 
its  action  by  ref^nce  to  your  drawing.  Give  the  diameters 
«f  the  plunger  and  ram  which  you  would  adopt  in  order 
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that  a  load  of  2  tons  on  the  ram  may  l)e  raised  by  a  presanre 
of  20  lbs.  at  the  end  of  the  lever  handle,  which  worlra  the 
force  pomp,  and  acts  with  a  leyerage  of  8  to  1.  (20.) 

10.  What  is  the  object  of  using  speed  pallejs?     Show  their 

application  in  a  foot  lathe,  and  the  manner  in  which  the 
motion  of  the  workman's  foot  is  converted  into  the  circular 
motion  of  the  mandril.  Sketch  the  arrangement.  The 
diameter  of  the  largest  pnllej  on  the  crank  shaft  being 

2  feet,  and  that  of  the  smallest  pallej  on  the  mandril  being 

3  inches ;  find  the  number  of  rotations  of  the  mandril  for 
each  complete  rotation  of  the  crank  shaft  when  these 
pulleys  are  connected  by  a  band.  (20.) 

11.  Explain  why  iron  girders  are  made  with  flanges  at  the  top 
and  bottom  united  by  a  web  of  metal,  instead  of  being 
rectangular  in  section.  What  condition  decides  which  of 
the  two  flanges  shall  contain  the  most  metal  ?  0-^-) 


Second  Stage  or  Advanced  Examination. 

Instructions. 

Read  the  General  Instructions  at  the  head  of  the  Elementary 
paper. 

You  may  not  attempt  more  than  five  questions. 

The  value  attached  to  each  question  is  shown  in  brackets  after 
the  question. 

21.  What  meaning  do  you  attach  to  the  phrase  Hbr^e  Power?  A 
fire  engine  pump  is  provided  with  a  nozzle,  the  sectional 
area  of  which  is  1  sqaare  inch,  and  the  water  is  projected 
through  the  nozzle  with  a  velocity  of  130  feet  per  second ; 
find  the  horse  power  of  the  engine  required  to  drive  the 
pump,  irrespective  of  the  loss  by  resistance  of  the  working 
parts.     The  weight  of  a  cubic  foot  of  water  is  624  lbs. 

^(40.) 

22.  Describe  some  simple  weighing  machine  with  levers  in  a 
frame  underneath  the  scale  pans.  The  scale  pan  being 
arranged  with  a  parallel  motion,  so  as  to  remain  horizontal 
during  tlie  weighing,  show  that  it  is  indifferent  on  what 
part  of  the  scale  pan  the  substance  is  placed.  (35.) 

23.  What  is  the  object  of  using  guide  pulleys  in  machinery? 

Mention  any  instance  of  their  application,  and  show  how 
the  direction  of  their  axes  is  ascertained.  (^O 
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24.  Deflciibe  ihe  principle  of  the  hydraulic  aooamalator,  show- 
ingy  bj  reference  to  a  sketoh,  a  mode  of  oonstracting  it. 

(35.) 

25.  In  a  compound  wheel  and  axle,  let  the  diameter  of  the  large 

axle  be  6  inches,  and  that  of  the  smaller  axle  4  inches,  and 
the  length  of  the  handle  20  inches ;  find  the  ratio  of  the  • 
Telocity  of  the  handle  to  that  of  the  weight  raised. 

(85.) 

26.  In  mechanism  for  causing  a  tool  to  traTcrse  the  cross  slide 

of  a  planing  machine,  the  pitoh  of  the  screw  is  ^  inch,  and 
the  ratchet  wheel  driving  the  screw  has  40  teeth.  Find 
the  advance  of  the  cutter  for  an  advance  of  3  teeth  on  the 
ratohet,  and  sketoh  the  arrangement,  showing  how  the  feed 
motion  is  worked.  (^0 

27.  What  is  an  epicjclic  train  P     Two  wheels,  A  and  B,  are  so 

mounted  as  to  form  an  epicyclic  train,  and  A  is  a  dead 
wheel  having  80  teeth,  w£dle  B  has  20  teeth.  Find  the 
number  of  turns  made  by  B  for  each  rotation  of  the  arm. 

(40.) 

28.  Describe,  with  sketches,  the  masked  ratchet  wheel  combi- 
nation, whereby  the  main  ratohet  is  advanced  one  tooth  for 
every  alternate  forward  stroke  of  the  driving  paul. 

(35.) 

29.  A  beam  of  fir  is  built  into  a  wall  at  one  end,  and  projects 

6  feet  £rom  the  wall.  The  width  of  the  beam  is  4  inches ; 
find  its  depth  to  bear  safely  a  load  of  1200  lbs.  uniformly 
distributed  along  its  length.  Assume  that  a  bar  of  fir 
1  foot  long,  1  inCQ  broad,  and  1  inch  deep  will  break  under 
a  load  of  125  lbs.  when  fixed  at  one  end  and  loaded  at  the 
other  end,  and  that  the  safe  load  is  ^  the  breaking  load. 

(40.) 

30.  Why  are  the  separate  strands  in  a  hempen  rope  twisted  in  the 

opposite  direction  to  the  twist  of  the  rope  P  Explain,  with 
sketches,  the  construction  of  a  machine  for  forming  hempen 
strands  into  a  rope.,  (40.) 


Honoura  Exaznination. 

Instructions. 

Bead  the  Gk^neral  Instructions  at  the  head  of  the  Elementary 
paper. 

You  may  not  attempt  more  than  six  questions. 
The  value  attached  i;o  each  question  is  shown  in  brackets 
«after  the  question. 

(4698)  B 
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41.  Bketcb  and  describe  a  frictioii  brake  as  applied  to- a  craoie. 

Tbe  lever  applied  to  tbe  stmp  is  a  bent  lerer,  of  which  one 
arm  is  2  feet  11  inches  long,  and  the  other  arm,  which  is  at 
right  angles  to  it,  is  8}  inches  long,  the  diameter  of  the 
friction  dmm  being  2  feet ;  find  the  tension  of  the  movable 
end  of  the  strap  when  a  pressure  of  100  lbs.  is  applied  to 
the  handle,  and  the  tension  at  the  fixed  end  for  a  given 
coefficient  of  friction.  (65.) 

42.  The  lower  boom  of  a  Warren"  girder,  supported  at  both 
ends,  is  divided  into  three  bays.  The  upper  boom  has  two 
bays,  and  the  bracing  bars  are  eadi  inclined  at  60°  to  tbe 
horizon.  Find  hy  graphic  oonstraction  or  otherwise  the 
stresses  in  the  sevex^  pieces  when  the  frame  is  loaded  with 
1000  lbs.  at  the  middle  of  the  top  boom.  (65.) 

43.  Describe,  with  a  sketch,  the  mechanism  which  rendem 
Watt's  pendnlam  governor  applicable  to  the  regulation  of 
a  wateivwheel.    YHiat  is  the  difficulty  to  be  overcome  ? 

(65.) 

44.  Sketch  and  describe  a  shaping  machine  worked  by  a  slotted 
bar,  and  having  a  quick  return.  If  the  bar  or  lever 
vibrates  about  one  eDd  under  the  action  of  a  driving  crank 
6  inches  long,  and  the  time  of  the  forward  stroke  be  three 
times  that  of  the  return  stroke,  what  would  be  the  distance 
between  the  centres?  Compare  the  angular  velocities  of 
the  crank  and  lever  at  any  instant.  (7^-) 

45.  In  a  machine  for  sawing  timber  into  planks,  describe  and 
explain  a  contrivance  for  feeding  on  the  log  of  timber  at 
the  end  of  each  stroke  of  the  saw  by  a  wheel  acting  as  a 
ratchet  wheel,  but  without  teeth.  (60.) 

46.  An  epicyclic  train  consists  of  three  wheels,  A,  B,  G,  taken 

in  order,  and  in  gear  with  each  other.  The  first  wheel  A 
has  75  teeth,  B  htus  60  teeth,  G  has  45  teeth,  also  the  driver 
A  rotates  three  times  in  a  minute,  and  the  arm  rotates  four 
times  in  a  minute,  and  in  the  opposite  direction.  How  many 
rotations  do  B  and  G  make  respectively  in  one  minute  ? 

(65.) 

47.  Describe,  with  sketches,  the  construction  of  a  hydraulic 
crane,  with  two  powers,  to  lift  6  tons.  (65.) 
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SUBJECT  Vm.    SOUND,  LIGHT,  AND  HEAT. 

Examiners,  PROFESSOR  W.   GRTLLS  ADAMS,  M.A., 

P.R.S.,  AND 

PROFESSOR  A.  W.  REINOLD,  M.A.,  F.R.S. 


General  Instructions. 
If  the  roles  are  not  attended  tO|  tbe  paper  will  be  cancelled. 

You  may  take  the  Elementairy  or  tlie  Adyanced    or    tbo 
Honoors  paper,  bat  yon  mnst  confine  yonrself  to  one  of  them. 

Pnt  the  nnmber  of  the  question  before  yonr  answer. 

Yon  Bve  to  confine  yonr  answers  strictly  to  tbe  qnestions 
proposed. 

Yonr  name  is  not  given  to  the  Examiners,  and  yon  are 
forbidden  to  write  to  them  abont  yonr  answers. 

T^  examination  in  this  subject  lasts  for  three  hours 


First  Stage  or  Elementary  Examination. 

Instructions, 

Yon  are  only  permitted  to  attempt  eight  qnestions.     Of  these 
not  more  than /our  may  be  selected  from  the  same  section. 

The  value  attached  to  each  question  is  the  same. 


SECTION  I. 

1.  Describe  the  constraction  of  the  air-pump,  and  explain  its 
action. 

2.  Two  equally  stretched  strings  of  the  same  thickness,  one  of 
steel  and  the  other  of  oatgnt,  give  the  same  note  when 
struck.  Which  of  them  is  the  longer  ?  GKve  reasons  for 
yonr  answer. 

3.  Explain  how  to  determine  the  velocity  of  sound  in  a  solid, 
and  state  clearly  on  what  properties  the  velocity  depends. 

K  2 
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4.  A  tuning  fork,  making  384  vibrationB  per  second,  is  bald 
oFer  a  cylindrical  jar  filled  wiih  air,  in  which  the 
velocity  of  sound  is  1100  feet  per  second*  What  must  be 
the  length  of  the  jar  in  order  that  it  may  be  best 
adapted  to  resound  to  the  fork  P 

What  is  the  length  of  the  -ware  sent  out  by  the  fork  P 

5.  A  stopped  organ  pipe  4  feet  long,  and  an  open  organ  pipe 

12  feet  lone,  are  sounded.  How  are  the  notes  related  to 
each  other  P  Do  they  differ  from  each  other  in  quality, 
and,  if  so,  why  P 


SECTION  II. 

6.  Describe  an  experiment  made  with  the  shadow  photometer 
to  test  the  illuminating  powers  of  two  sources  of  light. 

7.  What  is  the  difference  between  a  real  and  a  virtwd  image  of 
an  object  P  Explain  and  illustrate  by  a  sketch  the  forma- 
tion of  one  of  each  kind. 

8.  A  thick  plate  of  glass  is  interposed  obliquely  between  a 
candle  and  the  obsenrer's  eye.  Will  the  apparent  position 
of  the  candle  be  altered  by  the  glass  P  Draw  a  picture 
illustrating  your  answer. 

9.  Explain,  and  illustrate  by  a  figure,  the  path  of  a  beam  of 
light  from  any  source  which  is  reflected  by  a  concave 
spherical  mirror. 

10.  Explain,  and  illustrate  by  a  figure,  what  happens  to  a  ray 
of  sunlight  in  passing  through  a  triangular  prism.  Under 
what  circumstances  will  the  ray  fail  to  pass  through  it  P 


SECTION  III. 

11.  State  the  law  governing  the  expansion  of  a  gas  at  constant 
temperature  under  varying  pressures,  and  show  how  the 
law  may  be  proved  experimentally. 

12.  Under  what  circumstances  is  an  alcohol  thermometer  used 
instead  of  a  mercurial  thermometer  P  How  is  an  alcohol 
thermometer  graduated  P 

13.  What  is  meant  by  unit  of  heat  ?  If  the  specific  heat  of  iron 
be  \y  and  h  lbs.  of  iron  be  cooled  down  from  the  tem- 
perature of  boiling  water  to  the  temperature  of  melting  ice, 
how  many  units  of  heat  are  evolved  r 

14.  When  is  a  space  said  to  be  saturated  with  vapour,  and  what 
is  the  effect  of  (1)  a  rise,  (2)  a  sadden  fall  in  temperature 
in  a  space  which  is  so  saturated  P 
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15.  A  flask  ooniaiiiixig  water  is  heated.  When  the  water  boils, 
the  flaak  is  care&lly  dosed  with  a  cork  and  removed  from 
the  flame.  Explain  why,  when  the  flask  is  dipped  into 
cold  water,  the  water  inside  begins  to  boil  again. 


Seoond  Stage  or  Advanced  Xzamixiation. 

Ikbtrxtctions. 

Bead  the  General  Instmotions  at  the  head  of  the  Elementary 
paper. 

Ton  are  only  permitted  to  aMempt  eight  questions.    Of  these 
not  more  than /our  may  be  selected  from  the  same  section. 

The  valne  attached  to  each  question  is  the  same. 

SECTION  I. 

21.  Four  strings  of  the  same  length  and  material,  but  of  dif- 
ferent thicknesses,  are  stretched  on  a  violin  and  tuned  so 
as  to  give  successive  fifths.  If  the  tension  be  the  same, 
compare  the  thicknesses  of  the  strings. 

22.  In  the  last  question,  what  must  be  the  tension  on  the 
several  strings  that  they  may  all  give  the  same  note  P 

23.  State  the  laws  of  the  transverse  vibrations  of  rods  fixed  at 
one  end.  What  relation  holds  between  the  numbers  of 
vibrations  for  the  successive  overtones  in  such  rods  ? 

24.  Explain  how  to  determine  experimentally  the  velocity  of 
sound  in  hydrogen  P 

25.  What  conditions  are  necessary  in  order  that  two  sound 
waves  reaching  the  ear  by  different  paths  may  produce 
silence  P 

SECTION  II. 

26.  What  must  be  the  angle  between  two  plane  mirrors  in  order 
that  an  incident  ray  which  is  parallel  to  one  of  them  may, 
after  two  roflections,  be  parallel  to  the  other  P 

27.  Roemer  determined  the  velocity  of  light  by  observations  of 
the  eclipses  of  one  of  Jupiter  s  moons.  State  clearly  tlio 
nature  of  his  observations,  and  the  reasoning  by  whicn  the 
velocity  of  light  was  deduced  from  them. 

28.  A  ray  of  light  is  incident  perpendicularly  upon  one  of  the 
two  faces  of  a  right-angled  isosceles  prism  which  bound  the 
right  angle.  Draw  a  picture  showing  the  subsequent  path 
of  the  ray,  and  give  reasons  for  your  construction. 
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29.  State  generally  the  effect  of  a  lens  upon  a  raj  of  light 
passing  through  it.  Show  how  with  a  dovble  convex  lens 
an  image  of  a  lighted  candle  ma^  foe  seen  (I)  inrerted  and 
magnified,  (2)  inverted  and  diminished,  (3)  erect  and 
magnified. 

30.  Describe  the  principal  parts  of  a  spectroscope. 


SECTION  III. 

31.  Explain  what  is  meant  by  the  dew-i>oint  P  How  does  the 
dew-point  show  the  amonnt  of  vapour  in  the  atmosphere  ? 
Describe  the  mode  of  action  of  a  dew-point  hygrometer. 

32.  A  hundred  cubic  inches  of  air  weigh  31  grains  when  the  tem- 
perature is  O^G.  What  will  be  the  weight  of  the  same 
volume  of  air  when  the  temperature  is  20*  G.  and  the 
pressure  one-third  of  its  original  amount,  the  coefficient  of 
expansion  being  -yj^  ? 

33.  What  is  meant  by  ''latent  heat  of  vaporisation"  P  If  the 
latent  heat  of  vaporisation  of  water  be  966  when  one 
degree  Fahrenheit  is  the  unit  of  temperature,  what  will  it 
be  when  one  degree  Gentigrade  is  the  unit  P  Would  your 
result  be  different  if  the  unit  of  mass  had  been  changed  P 

34.  Describe  the  construction  and  action  of  maximum  and 
minimum  thermometers. 

35.  Explain  the  difference  between  the  specific  heat  of  air  at 
constant  pressure  and  its  specific  heat  at  constant  volume. 
Which  of  them  is  the  greater,  and  why  P 


HonoiirB  Examination. 

Instbuotions. 


Bead  the  General  Instructions  at  the  head  of  the  Elementary 
paper. 

You  are  expected  to  attempt  all  the  questions. 

The  value  attached  to  each  question  is  the  same. 


41.  Give  the  number  of  vibrations  corresponding  to  each  note  of 
the  diatonic  scale  (c'  =  264).  Point  out  clearly  the  advan- 
tages and  disadvantages  of  the  equally  tempered  scale. 

•    What  other  scales  have  been  used  or  proposed  P 

42.  What  are  the  optical  characteristics  of  a  rhomb  of  Iceland 

spar?     GKve  Huyghens'  coDstruction  for  the  course  of  the 
ordinary  and  extraordinary  rays,  and  state  in  what  planes 
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these  irwo  njs  a«e  pdatiiad*    Wliat  mmi  be  the  plane  of 
incidence  th^t  both  ra^s  maj  be  ordinarily  refracted  ? 

43.  Explain  clearly  in  what  ways  the  spectroscope  has  been 

nsed  to  determine  the  constitution  of  the  snn,  and  discuss 
^e  %tidekice  obtained  by  its  means. 

44.  Describe  the  methods  which' have  been  employed  for  deter- 
mining tin  amount  of  heat  deyeloped  by  the  union  of 
oxygen  and  hydrogen  in  forming  water. 

45.  Describe  the  experiments  necessary  for  determining  the 
thermal  oonductiYity  of  a  metal  like  copper,  and  point  oat 
clearly  how  the  value  of  the  thermal  conductivity  is 
deducMidlKiA  ¥tie  data  of  the  experunent. 


PractiQal  Examination. 
You  are  required  to  answer /oi/r  of  the  following  questions. 


1.  Compare  veloeities  of  sonnd  in  various  materials. 

2.  Make  a  weight  thermomeiicr  and  determine  the  co^efficient 

of  expansion  of  mercury. 

3.  Determine  the  specific  heat  of  a  solid. 

4.  Determine  the  focal  lengths  of  a  compound  lens  and  of  its 
parts. 

5.  Determine  the  index  of  refraction  and  the  curvatures  of  a 
double  convex  lens. 

6.  Determine  the  angle  of  a  prism  (two  methods). 

7*  Determine  the  angle  of  a  prism  and  its  refractive  index  for 
sodiunk  light* 

8.  Determine  the  wave  length  for  sodium  light! 


SUBJECT  DL    MAGNETISM  AND  ELEGTRIGITT. 

ExAHiHfiE^.PROPESSOR  FREDERICK  GUTHRIE  and 
. ..    PROiFESSOR  G,  CAREY  FOSTER,  F.R.S. 


General  Instruchons. 
If  the  xules  are  not  attended  to,  the  paper  mB,  be  eancelled. 

You  may  take  the  Elementary,  or  the  .Advanced,  or  the 
Honours  paper,  but  you  mustconfine  yourself  to  one  of  them. 
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Pat  the  number  of  the  qnestioii  before  your  aiunirer. 

Yon  are  to  confine  jotxp  answers  itrietty  to  the  qnestions  pro- 
posed. 

Yonr  name  is  not  giren  to  the  Examiners,  and  yon  are  for- 
bidden to  write  to  them  about  yonr  answers. 

The  examincMon  in  thdi  mbjedt  lasts  for  three  howre. 


First  Stage  or  Zlementary  Xzamination. 

InsTBUOTioirs. 

Ton  are  not  permitted  to  attempt  more  than  eight  qnestions.  i 

Ton  may  select  only  two  in  Magnetism,  three  in  Frictional 
Electricity,  and  three  in  Voltaic  Electricity. 

The  valne  attached  to  each  qnestion  is  the  same. 


Jiagnettsin, 

1.  If  a  compass  needle  is  deflected  when  a  steel  bar  is  bronght 

near  it,  how  can  yon  find  ont  whether  the  deflexion  is 
dne  to  magnetism  already  possessed  by  the  bar,  or  to  the 
bar  becommg  ma^etised  by  the  compass  needle  at  the 
time  of  the  expenment  ? 

2.  Two  eqnal  bars  of  steel,  after  haying  been  ecpally  magnetized, 

are  kept  for  some  years  in  a  vertical  pontion,  one  (a)  with 
its  sonth-seeking  pole  npwards,  the  other  (h)  with  its 
north-seeking  pole  npwards.  The  bars  are  so  far  apart 
that  they  do  not  act  on  one  another ;  which  of  the  two 
bars  wonld  yon  expect  to  find  had  kept  its  magnetism 
best,  imd  why  P 

3.  Ton  have  given  to  yon  two  rods,  one  of  soft  iron,  the  other 

of  hard  steel ;  aSso  a  compass  needle  and  a  bar  magnet. 
Describe  experiments  with  the  things  provided  whereby 
yon  conld  find  ont  which  was  the  iron  and  which  the 
steel  rod. 

4.  A  piece  of  soft  iron,  placed  in  contact  with  both  poles  of  a 

horse-shoe  magnet  at  the  same  time,  is  held  on  with  more 
than  twice  the  force  with  which  it  wonld  be  held  if  it 
were  in  contact  with  only  one  pole  of  the  same  magnet. 
WhyisthisP 
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Friettonal  Electricity, 

5.  A  stick  of  BeaJing  wax,  held  in  the  hand  and  mbbed  with 
dry  flannel,  is  found  to  become  electrified.  A  brass  rod 
alter  being  treated  in  the  same  way  shows  no  electrifica- 
tion.   How  do  you  account  for  the  difEerence  P 

6i  A  stick  of  sealing  wax,  haTing  been  rubbed  with  flannel,  is 
found  to  be  negatively  electrified.  How,  by  means  of  it, 
would  you  oha^  a  proof  plane  with  positiTe  electrioityp 

7.  If  an  electrified  piece  of  metal  is  made  to  touch  a'ffold-leaf 

electroscope,  the  leayes  separate  and,  on  taking  i£e  metal 
away,  they  remain  separate.  But  if  the  electrified 
metal  is  only  brought  near  to  the  electroscope,  and  then 
taken  away,  the  leaves  separate  when  the  electrified 
metal  is  near,  but  fall  together  when  it  is  taken  away. 
Why  is  there  a  lasting  effect  on  the  gold  leaves  in  one 
case  and  only  a  temporary  effect  in  the  other  case  P 

8.  Two  insulated  metal  spheres  are  brought  so  as  to  touch  one 

another.  A  positively  electrified  glass  rod  is  brought 
near  to  one  of  the  spheres  andj  while  it  is  there,  the 
other  sphere  is  taken  away.  The  glass  rod  is  now  taken 
away.  On  bringing  the  spheres  near  together  agam,  a 
spark  passes  between  them.    Oive  the  reason  for  this. 

9.  To  protect  a  gold-leaf  electroscope  from  being  acted  on  when 

an  electrical  machine  is  at  work  near  it,  it  is  sufficient  to 
cover  the  electroscope  with  a  thin  cotton  cloth.  How  is 
this? 


Voltaic  Electricity. 

10.  How  could  you  boil  water  by  means  of  the  current  from  a 

voltaic  battery  ?  Give  a  sketch  of  the  apparatus  you 
would  use. 

11.  One  end  of  a  copper  wire  is  fastened  to  the  copper  end  of  a 

battery,  aud  one  end  of  another  copper  wire  is  fastened  to 
the  zinc  end  of  the  battery.  What  happens  if  the  other 
ends  of  these  two  wires  are  put  side  by  side  (but  not 
touching)  into  a  solution  of  siilphate  of  copper  P 

12.  A  number  of  galvanic  cells  are  connected  together  in  a  row 

so  as  to  form  a  battery.  This  row  is  laid  on  a  table  so 
as  to  lie  N.  and  S.  The  zinc  is  to  the  N.  The  poles  of 
the  battery  are  connected  together  by  a  wire,  which 
passes  from  one  pole,  up  one  wall  of  the  room,  across  the 
ceiling,  and  down  the  opposite  wall  to  the  other  pole  of 
the  battery.  How  will  a  magnetic  needle  be  affected  which 
is  placed  under  the  table  and  just  below  the  battery  ? 
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13.  How  is  it  that  a  galTanometer  with  astatio  needles  is  more 

sensitive  than  the  same  insinunent  would  be  if  furnished 
only  with  a  single  needle  P 

14.  If  a  charflred  batterj  is  to  be  kept  for  some  time  ready  for 

use,  why  is  it  important  to  take  care  that  the  ends  of  the 
batteiy  are  not  connected  together  ontside  the  battery  ? 


Second  Stage  or  Adyanoed  Bxamination. 

Instbuctions. 

Read  the  General  Instructions  at  the  head  of  the  Elementary 
paper. 

You  are  not  permitted  to  attempt  more  than  eighi  questions. 

You  may  select  only  two  in  Magnetism,  three  in  Frictional 
Electricity,  and  three  in  Voltaic  Electricity. 

The  yalne  attached  to  each  question  is  the  same. 

Magnetism. 

21.  A  circular  steel  disc  is  magnetised,  so  that  one  of  its  dia- 

meters is  its  magnetic  axis.  How  could  you  find  the 
magnetic  axis  by  observing  the  position  which  the  disc 
takes  when  it  is  hung  by  a  silk  thread  so  that  it  lies 
horizontally  P 

22.  Two  equal  and  equally  magnetized  darning  needles  are 

thrast  througb  a  wooden  match  at  right  angles  to  it ; 
and  with  the  similar  poles  pointing  in  opposite  directions. 
If  when  the  match  is  hung  by  one  end  from  a  silk  fibre 
the  needles  are  not  in  tbe  same  vertical  plane,  will  the 
combination  be  astatic  P  If  not,  how  wilt  it  place  itself, 
and  why  P 

23.  A  bar  magnet  is  laid  at  the  middle  of  a  circle  on  the  floor. 

Explain  a  method  by  which  the  direction  could  be  found, 
in  whicb  a  small  compass  needle  placed  at  any  point  on 
the  circumference  of  the  circle  would  set  itself.  (The 
earth's  magnetic  action  may  be  neglected  in  comparison 
with  that  of  the  magnet.) 

24.  Find  the  total  magnetic  force  of  the  earth  at  a  place  where 

the  horizontal  component  is  0*223  and  the  dip  60"*. 


Friciional  Electricity, 

25.  You  have  two  metal  pots  on  separate  insulating  stands;  also 
a  metal  ball  carried  by  an  insulating  stem ;  also  a  wire 
connected  with  the  earth.  Suppose  the  ball,  or  one  of 
the  pots,  to  be  slightly  electrified.     Describe  and  explain 
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a  process  by  the  repetition  of  whioh  you  could  electrify 
the  two  pots  more  and  more  strongly,  one  positively  and 
the  other  negatively. 

26.  A  large  insolated  metal  ball  at  a  great  distance  from  all 

other  conductors  is  electrified.  And  then  by  touching  it 
with  an  earth-connected  wire  it  is  discharged.  It  is 
again  electrified  to  the  same  degree  as  before,  and  then 
discluu^d  by  bringing  it  into  contact  with  a  wall  of  the 
.room ;  why  does  the  second  discharge  produce  less  heat 
than  the  first  ? 

27.  Three*  metal  balls,  the  diameters  of  which  are  respectively 

5,  7, 12  inches,  are  all  connected  together  by  very  fine 
wires  but  are  otherwise  insalated.  If  the  smallest  ball 
has  a  charge  of  10,  what  are  the  charges  of  the  other 
balls? 

28.  Describe  and  explain  the  use  of  any  form  of  *'  Attracted-disc 

Electrometer.*'  Show  what  it  measures,  and  explain  the 
action  of  the  "  Guard-ring." 

29.  The  inside  of  a  Leyden  jar  is  connected  with  the  prime  con- 

ductor of  an  electrical  machine,  and  the  outside  with  the 
rubber  of  the  machine,  and  also  with  a  brass  ball  fixed  at 
^  inch  from  the  prime  conductor.  If  the  jar  is  at  first 
without  charge,  ten  turns  of  the  machine  are  required  to 
cause  a  spark  to  pass  between  the  conductor  and  the  ball. 
If  now  (the  inside  of  the  jar  remaining,  as  before,  connected 
with  the  prime  conductor)  the  outside  is  insulated  and 
connected  with  the  inside  of  an  exactly  similar  jar,  the 
outside  of  which  is  connected  with  the  rubber  and  the 
brass  ball ;  show  how  many  turns  of  the  machine  would  be 
required  to  make  a  spark  pass. 


Voltaic  Electricity. 

30.  Two  exactly  equal  pieces  of  copper  are  drawn  into  wire ; 

one  into  a  wire  10  feet  long,  and  the  other  into  a  wire 
20  feet  long.  If  the  resistance  of  the  shorter  wire  is 
0*5  ohm,  woat  is  the  resistance  of  the  longer  wire  P 

31.  A  thick  copper  wire  and  a  thin  copper  wire,  of  such  lengths 

as  to  have  the  same  resistances,  are  joined  end  to  end  and 
used  to  connect  the  terminals  of  a  battery,  so  that  the 
samei  current  flows  through  them  both.  Explain  why 
the  thin  wire  becomes  hotter  than  the  thick  one. 

32.  A  metal  ring  is  put  round  the  end  of  a  bar  magnet.     Upon 

bringing  a  mass  of  soft  iron  near  to  this  end  of  the 
magnet,  a  current  is  produced  in  the  ring.     Show  what 
.  motions  (a)  of  the  magnet  and  (h)  of  the  ring  will  prodnce 
a  similar  current  in  the  absence  of  the  soft  iron. 
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33.  A  battery  is  employed  to  drive  a  magneto-electric  engine. 

Does  the  rate  of  consumption  of  zinc  increase  or  decrease 
(and  wHy)  if  the  speed  of  the  engine  is  increased  hy 
lessening  the  work  it  has  to  do  P 

34.  Six  Grove's  cells,  connected  (a)  in  a  single  series  and  (li)  as 

two  series  of  three  each,  are  nsed  to  decompose  water  in 
a  voltameter.  If  there  is  no  local  action  in  the  battery, 
show  how  mnch  zinc  is  dissolved  in  each  case  (a)  and  (h} 
in  the  whole  battery  while  one  grain  of  hydrogen  ia 
evolved  in  the  voltameter. 

Take  sulphate  of  hydrogen  (snlphnrio  acid)  as  HsSO« 
(98)  and  sulphate  of  zinc  as  ZnSO«  (161). 


Honoun  Ezamiziation. 

Full  marks  can  only  be  got  by  answering  all  the  questions ; 
but  good  answers  to  some  of  the  questions  are  likely  to  gain 
more  marks  than  hasty  attempts  to  answer  all  of  them. 

'  The  value  attached  to  each  question  is  the  same. 


41.  Given  a  sufficient  length  of  telegraph  cable  consisting  of  a 

single  thick  copper  wire  uniformly  covered  with  a  cylin- 
drical coating  of  insulating  material,  describe  and  explain 
measurements  and  experiments  that  would  enable  you  to 
determine  the  gpecific  inductive  capacity  of  the  insulator. 

42.  The  specific  inductive  capacity  of  the  dielectric  of  any  con- 

denser  being  known,  state  and  explain  how  you  could 
determine  experimentally  the  specific  resistance  of  tho^ 
dielectric. 

43.  Explain    fully    the    theory    of    "  Wheatstone's    Bridge," 

Describe  the  form  of  Wheatstone's  Bridge  with  which 
measurements  are  made  by  adjusting  a  movable  contact 
upon  a  graduated  wire,  showing  what  precautions  and 
corrections  are  required,  and  how  these  can  be  made. 

44.  Describe  and  explain  fully  the  experiments  and  calculataons 

needed  for  determining  the  electro-chemical  equivalent  of 
an  electrolyte. 

45.  Explain  the  sense  in  which  the  term  '*  Absolute"  is  used  in 

connexion  with  measurements  of  electrical  magnitudes. 
Describe  and  explain  an  experimental  method  of  deter- 
mining, in  absolute  measure,  the  resistance  of  a  conductor. 
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Practical  Bzamination. 

Tou  are  required  to  answer  all  the  following  questions. 


1.  Determine  by  the   method  of    deflection   and  oscillation 

(Gauss's  method)  the  moment  of  the  magnet  given  to  jou ; 
and  thelitrength  of  the  magnetic  field  at  the  place  of  the 
experiment. 

2.  Determine  by  means  of  the  Tangent  Ghilyanometer  and 

Copper  Voltameter  the  electro-chemical  equivalent  of 
copper,  adopting  the  magnetic  field  as  determined  in  1. 

3.  Determine  the  resistance  and  capacity  per  kilometer  of  the 
cable  supplied. 

•1.  Find  the  specific  resistance  and    the    specific  inductive 
capacity  of  the  insulating  material  of  the  cable  3. 

5.  Measure  the  resistance  of  the  bobbin  of  wire  supplied  to 
you. 


SUBJECT  X.    INOBGANIC  CHEMISTBT. 

Examinees,  W.  J.  RUSSELL,  Esq.,  Ph.D.,  F.R.S.,  and 
PROFESSOR  T.  E.  THORPE,  B.Sc, 
Ph.D.,  F.R.S. 

Obkebal  Instbugtioms. 
If  the  roles  aie  not  attended  to,  the  paper  will  be  cancelled. 

You  may  take  the  Elementary,  or  the  Advanced,  or  the 
Honours  paper,  but  you  must  confine  yourself  to  one  of  them. 

Put  the  number  of  the  question  before  your  answer. 

The  value  attached  to  each  question  is  indicated  by  a  number 
placed  at  the  end  of  the  question.  But  a  full  and  correct  answer 
to  an  easy  question  will  in  all  cases  secure  a  larger'  number  of 
marks  than  an  incomplete  or  inexact  answer  to  a  more  difficult 
one. 

Whenever  possible,  you  are  to  express  the  reactions  in  equa« 
iions. 

You  are  to  give  such  numerical  details  as  will  show  the  mode 
of  calculation. 

You  are  to  confine  your  answers  strictly  to  the  questions 
proposed. 

J  our  name  is  not  given  to  the  Examiners,  and  you  are  for- 
bidden to  write  to  them  about  your  answers. 

The  examinaiion  in  this  subject  lasts  for  three  hours. 
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First  Stage  or  Elementary  Examination. 

Imstbuctionb. 
You  are  permitted  to  attempt  only  eight  questions. 

C  =  12.    Ca  =  40.    Cl  =  35-5.    Cu  =  630.    H  =  1.    0=16. 
Zn  =  65-0. 

1 .  Explain  the  meaning  of  the  terms  analysis  and  synthesis, 
and  give  two  cases  of  each  in  illustration.  (8.) 

2.  Ten  grams  of  hydrochloric  acid  (HOI)  act  on  zinc,  and  the 
same  weight  acts  on  calcium  carbonate ;  what  bulk  of  gas, 
measured  at  the  normal  temperature  and  pressure,  is  pro- 
duced in  each  case  P  (12.) 

3.  Give  the  formul®  for  three  carbonates,  three  sulphates, 
three  sulphites,  %nd  three  nitrates.  (9.) 

4.  How  can  you  demonstrate  that  ammonia  is  composed  of 
nitrogen  and  hydrogen  ?  (1^0 

5.  Hydrogen  is  passed  over  red  hot  copper  oxide  (OuO),  how 
much  metallic  copper  is  produced  in  forming  9  grams  of 
water,  and  what  is  the  volume  of  hydrogen  at  normal  tem- 
perature and  pressure  which  has  been  used  P.  (1^0 

6.  How  is  sulphur  dioxide  made  P  How  can  you  prove  that  it 
contains  its  own  volume  of  oxygen  P  (10.) 

7.  Explain  what  is  meant  by  chemical  combination  in  definite 
and  in  multiple  proportions.  GKve  illustrations  from  carbon 
or  sulphur  compounds.  (1-3.) 

8.  Both  water  and  carbon  dioxide  are  formed  when  coal  gas 

bums ;  describe,  and  show  by  sketch,  how  you  woul4  prove 
this  to  be  the  case.  (13.) 

9.  How  would  you  prepare  nitrons  and  nitric  oxides  P  Give 
equations  for  the  reactions,  and  state  how  you  would  recog- 
nise these  bodies.  (1^1*) 

10.  Three  bottles  are  given  you :  in  one  is  hydi'ochloric  acid 
gas,  in  another  chlorine,  and  in  the  third  is  ozone ;  bv  what 
properties  and  experiments  would  you  recognise  and  iaentify 
each  gas  P  (9.) 

11.  Describe  how  sulphuretted  hydrogen  is  prepared.  By  what 
experiments  would  you  show  its  properties  and  demonstrate 
its  composition  P  (13.) 

12.  If  air  contains  21  per  cent,  by  volume   of   oxygen,  how 

many  litres  of  it  at  standard  temperature  and  pressure 
are  required  to  bum  completely  18  grams  of  carbon,  and 
what  would  be  the  volume  of  the  product  formed  P  Weight 
of  11-2  litres  of  O  =  16  grams.  (18.) 
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Second  Stage  or  Advanced  Bzaminatlon. 

Instkuctions. 

Read  the  (General  Instmctions  at  the  head  of  the  Elemeniarj 
paper. 

Yon  are  only  permitted  to  attempt  eight  questiona. 


P  =  310.     Na  =  230. 

21.  By  what  experiments  would  you  show  the  principal 
properties  of  iodine?  How  would  yon  distinguish  a 
solution  of  potassium  iodide  from  one  of  potassium 
bromide  ?  (10.) 

22.  Distinguifih  between  the  atomic  weight  and  the  equiyalent 
of  an  element.  Give  the  formula  of  a  nitrate,  a  sulphate, 
and  a  phosphate  of  a  monad,  diad,  and  a  triad  meta]. 

(12.) 

23.  Three  solutions  are  giyen  to  you :  one  contains  sulphuric 
acid,  another  normal  sodium  sulphate,  and  the  thiid  acid 
sodium  sulphate.     How  would  you  identify  each  P 

(11.) 

24.  Calculate  the  formula  for  a  body  which  has  the  following 
percentage  composition :  oxygen,  38*1 ;  hydrogen,  0*8 ; 
phosphorus,  24*6 ;  sodium,  36'5.  (12.) 

2.5.  Chlorine  water  exposed  to  light  loses  its  colour.  How  do 
you  account  for  this  ?  (H*) 

20.  A  solution  of  nitric  acid  of  specific  gravity  1*46  contains 
80  per  cent,  of  HNO3.  What  weight  of  this  solution  16 
theoretically  required  to  dissolve  10  grams  of  copper  oxide  ? 

(15.) 

27.  Write  the  f ormulse  for  the  following  ferrous  and  ferric  salts : 

sulphate,  phosphate,  nitrate,  chloride,  and  state  by  what 
general  reactions  the  two  classes  of  salts  may  be  distin- 
guished. What  action  has  sulphuretted  hydi^ogen  on  a 
solution  of  ferric  chloride  ?  (12.) 

28.  What  combinations  can  be  formed  of  arsenic  with  oxygen, 
with  chlorine,  with  hydrogen  ?  Describe  the  general  pro- 
perties of  these  bodies.  (l^O 

29.  Give  the  formulae,  and  describe  the  most  important 
properties  of  the  oxides  of  lead,  copper,  and  mercury. 

(11.) 

30.  What  are  the  chemical  changes  which  occur  when  felspar  is 

fused  with  sodium  carbonate  ?  (15.) 
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Honours  Szamination. 

Instructions. 

Bead  the  Qeneral  Instmctions  at  the  head  of  the  Elementary 
paper. 

You  are  only  permitted  to  attempt  six  qnestionc. 

You  must  attempt  questions  41  and  42.  The  remaining  fonr 
you  may  select  from  any  part  of  the  paper.  No  class  can  be 
obtained  in  Honours  unless  questions  41  and  42  be  satisfactorily 
answered. 


41.  Describe  the  mode  of  determining  a  vapour-density  by 
Hofmann's  process.  Calculate  the  vapour-density  of  carbon 
tetrachloride  from  the  following  data : — 

Weight  of  liquid    0*3380  gram. 

Vol.  of  vapour 109-8  cb.c. 

Temperature 99'b'' 

Barometer 746*9  mm. 

Height  of  column  ....  283*4     ,»  (18.) 

42.  What  experiments  would  you  make  in  order  to  determine 

quantitatively  tbe  validity  of  the  following  equation : — 

8NH,  +  3C1,  =  6NH4CI  -f  N,.  (18.) 

43.  What  is  the  action  of  carbon  dioxide  on  (a)  ammonia  gas, 

(6)  an  aqueous  solution  of  ammonia.     What  is  the  compo- 
sition of  the  ammonium  carbonate  of  commerce  P      (17.) 

44.  Describe  the  methods  adopted  by  Thomson  and  Berthelot  to 
determine  the  heat  of  neutralisation  of  acids.  (16.) 

45.  What  is  the  composition  of  white  lead  ?  How  would  you 
analyse  it  quantitatively  P  (13.) 

46.  Describe  fully  the  modes  used  by  Gailletet  and  Piotet  to 
efEect  the  liquefaction  of  oxygen.  In  what  respects  did 
their  methods  differ  from  those  previously  employed  P 

(15.) 

47.  Nitrogen,  which  is  usually  regarded  as  a  triad  or  a  pentad, 
forms  the  oxides  NO  and  NOi ;  vanadium,  which  is  a  triad 
or  a  pentad,  forms  a  di  and  a  tetra  chloride ;  uranium,  which 
has  hitherto  been  regarded  as  a  tetrad  or  a  hexad,  forms  a 
pentafluoride ;  tungsten,  which  is  a  hexad,  also  forms  a 
pentafluoride.  Discuss  the  bearing  of  these  facts  on  the 
question  of  the  classification  of  the  elements  in  accordance 
with  their  valency.  (16.) 

48.  Describe  some  of  the  more  important  methods  for  recovering 

sulphur  from  alkali  waste.  (1^0 
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SUBJECT  Xp.    PRACTICAL  INORGANIC 
CHEMISTRT. 

Blementary  Stage. 

Examiners,  W.  J.  RUSSELL,  Esq.,  Ph.D.,  P.R.S.,  akd 
PROFESSOR  T.  B.  THORPE,  B.Sc, 
Ph.D.,  P.R.S. 


Instbuction. 
If  the  roles  are  not  attended  to,  the  paper  will  be  cancelled. 

Yon  are  only  permitted  to  attempt  two  questions. 

Pat  the  number  of  jonr  question  before  your  answer. 

The  value  attached  to  each  question  is  indicated  by  a  number 
placed  at  the  end  of  the  question. 

You  are  to  confine  your  answers  strictly  to  the  questions  pro- 
posed. 

Your  name  is  not  given  to   the  Examiners,  and  you  are 
forbidden  to  write  to  them  about  your  answers. 

The  examtnation  in  this  paper  lasts  for  one  hour. 


1.  Yon  are  required  to  prepare  a  solution  of  hydrochloric  acid. 

What  materials  would,  you  use  ?    Explain  your  process  and 
give  a  sketch  of  the  apparatus  you  would  employ.     (10.) 

2.  A  solution  containing  ammonium  carbonate  is  given  to  you 

for  analysis.     State  the  tests  by  which  you  could  recognise 
both  the  acid  and  base^  giving  equations  in  all  cases. 

(10.) 

3.  How  could  you  prove  that  on  heating  potassium  chlorate, 

oxygen  was  evolved  and  potassium  chloride  was  formed  ? 

(15.) 


(4598)  F 
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BUBJBOT  Xp.    PBAGTIGAI.  INOBOAinO 
CHBHI8TBT. 


PRACTICAL    EXAMINATION   IN    CHEMICAL 

ANALYSIS. 


ExiMiNiBS,  W.  J.  BUSSELL,  Esq.,  Ph.D.,  F.RS.,  ahd 
PROFESSOR  T.  E.  THORPE,  B.Sc, 
Ph.D.,  P.B.S. 


InstrucHofu  to  Oamdida/tei. 
AnalyBis  Tables  and  Works  on  Ghemistrj  nay  hot  be  nsed. 

Elementary  Stage. 

Tbe  practical  work  for  the  elementary  sta^^  examination  is 
confined  to  the  qnaJitatiye  analysis  of  two  simple  salts,  each  con- 
taining not  more  than  one  acid  and  one  base  fix>m  the  following 
list: 

Lead,  mercnry,  copper,  bismnth,  iron,  calcium,  barinm, 
potassiam,  ammonium,  carbonic  acid,  mtrio  acid,  sol- 
phuric  add,  hydrochloric  acid. 


Two  and  a  gjuarUr  hows  are  allowed  for  ihii  pari  of  th^ 
examinoHon. 
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SUBJECT  Xp.    FRIOTICAL  INOBOAmC 
CHEHISTB7. 

Advanced  Stage. 

ExAMiNiBB,  W.  J.  RUSSELL,  Esq.,  Ph.D.,  F.R.S.,  and 
PROFESSOR  T.  B.  THORPE,  B.Sc, 
Ph.D.,  F.R.S. 


Qsir^ltAli  IlTBTRaOTIONS. 

If  the  nilea  are  not  attended  to,  ihe  paper  will  be  cancelled. 

You  are  only  permitted  to  attempt  two  qnestions. 

Pnt  the  number  of  the  question  before  your  answer. 

The  Talue  attached  to  each  question  ia  indicated  by  a  num|)er 
placed  at  the  end  of  the  question. 

Whenever  possible  you  are  to  express  reactions  in  equations. 

You  are  to  confine  your  answers  strictly  to  the  quefitiom 
proposed. 

Your  name  is  not  given  to  the  ExaminerS|  and  you  are 
forbidden  to  write  to  them  about  your  answers. 

The  examinaMon  in  this  paper  lasts  for  one  hour. 


1.  How  could  you  distinguish  between  calomel  and  corrosive 

sublimate,  and  how  could  you  obtain  metallic  mercury  frcHn ' 
each  of  these  bodies  P     Give  the  f  ormulee  of  the  two  bodies. 

(10.) 

2.  Describe  the  action  of  a  solution  of  ammonium  sulphide  upon 

solutions  of  the  following  bodies :  Lead  nitrate,  calcium 
chloride,  potassium  alum,  hydrochloric  acid,  zinc  sulphate. 
Give  equations.  (^^) 

3.  A  solution  containing  zinc  chloride  and  calcium  nitrate  i§ 

given  to  you  for  analysis.  Describe  fully  with  equations 
how  you  woi^d  determine  the  presence  of  each  acid  and 
^aqh  hqbse.  (15.) 

I  z 
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SUBJECT  Xp.     PRACTICAL  INOBOANIG 
CHEMISTRY. 


PRACTICAL    EXAMINATION    IN    CHEMICAL 
ANALYSIS. 


ExAviNBRs,  W.  J.  RUSSELL,  Esq.,  Ph.D.,  F.R.S.,  avd 
PROFESSOR  T.  E.  THORPE,  B.Sc, 
Ph.D.,  F.RS. 


Instructiont  to  Candidates. 
Analysis  Tables  and  Works  on  Chemistiy  may  not  be  used. 

Advanced  Stage. 

The  two  test  Bubstances  supplied  for  qualitatiTe  analysis  to 
candidates  in  the  advanced  stage  consist  of  mizinres,  each 
of  which  may  consist  of  not  more  than  two  simple  salts,  the 
materials  of  which  may  be  selected  from  the  following 
list : — Potassium,  sodium,  ammonium,  ma^esium,  calcium, 
strontium,  barium,  aluminium,  chromium,  zinc,  manganese, 
iron,  cobalt,  nickel,  arsenic,  antimony,  tin,  cadmium, 
copper,  bismuth,  mercury,  lead,  silver,  hydrosulphurio 
acid,  hydrochloric  acid,  hydrobromic  acid,  hydriodic  acid, 
sulphurous  acid,  nitric  acid,  chloric  acid,  carbonic  acid, 
hydrofluoric  acid,  phosphoric  acid,  sulphuric  acid. 

Three  and  a  qua/rter  hours  are  allowed  for  this  part  of  the 
examunation. 


Honours. 

Three  substances  are  supplied  to  each  candidate  in  honours,  two 
for  qualitative  and  the  third  for  quantitative  analysis. 

The  two  substances  supplied  for  qualitative  analysis  consist  of 
mixtures,  which  must  be  examined  for  all  the  bodies 
named  above  in  the  instructions  for  the  advanced  stage. 
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The  substance  for  quantitatiTe  analTsis  need  not  be  analysed 
qualitatively. 


QuanHtative  Analym. 

Each  candidate  is  f  amisbed  witH  a  numbered  bottle  containing 
a  powder  in  which  ammonia  has  to  be  qnantitativelj 
determined. 

The  resnlts  most  be  expressed  in  grams  of  ammonia  in  lOO 
grams  of  the  powder. 

The  candidate  is  recommended  to  weigh  ont,  lUieurcUely,  from 
1  to  2  grams  of  the  powder,  for  the  purpose  of  analysis. 

The  candidate  mnst  not  omit  to  place  npon  his  worked  paper 
the  number  attached  to  the  bottle  containing  the  powder 
he  has  analysed. 

'Siighi  hawrs  are  allowed  for  the  examinations  in  qualitative 
and  gmntiiative  analysis  in  Honours. 


SXTBJEGT  XI.  *  OBGANIG  CHEMISTBl. 

BxAMUfERS,  W.   J.  RUSSELL,  Esq.,   Ph.D.,  F.R.S.,  and 
PROFESSOR  T.  B.  THORPE,  B.Sc.,  Ph.D.,  F.R.S. 


Oknbbal  Instbugtions. 
If  the  mles  are  not  attended  to,  the  paper  will  be  cancelled. 

You  may  take  the  Elementary,  or  the  Adyanced,  or  the 
Honours  paper,  but  you  must  confine  yourself  to  one  of  them. 

Put  the  number  of  the  qaestion  before  your  answer. 

Wbenever  possible,  you  are  to  express  the  reactions  by  equa- 
tions. 

You  are  to  give  such  numerical  details  as  will  show  the  mode 
of  calculation. 

The  value  attached  to  each  question  is  indicated  by  a  number 
placed  at  the  end  of  the  question,  but  a  full  and  correct  answer 
to  an  easy  question  will  in  all  cases  secure  a  larger  number  of 
marks  than  an  incomplete  or  inexact  answer  to  a  more  difficult 
one. 
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Yon  are  to  confine  yonr  answers  gtricUy  to  the  qnestionB 
proposed. 

Tour  name  is  not  given  to  the  Examiners,  and  jon  ara  for- 
bidden to  write  to  them  about  joar  answers. 

The  examination  in  this  subject  lasts  far  three  hours. 


First  Stage  or  Eleznentary  ExaminattoB* 

Ihstbuctions. 
Ton  are  only  permitted  to  attempt  eight  questions. 

C=12    H=l    0=16. 

1.  What  distinctions,  if  any,  can  be  drawn  between  or^i^anic 

and  inorganic  substances  ?  (9.) 

2.  Name  the  characteristic  prc^erties  of  an  alcohol.       (10.) 

3.  0'3d3  g^am  of  a  non-nitrogenons  body  gave  when  burnt 

0*4885  gram  of  carbon  dioxide,  and  0*2099  gram  of  wster. 
Calculate  its  empirical  formula.  (1^) 

4.  Explain  how  yon  can  cotivert  Carbonic  &cid  into  oxalic  and 
formic  acids.  (l^O 

5.  How  do  chlorine  and  bromine  act  on  the  paraffins  p.  (12.) 

6.  What  action  has  sulphuric  acid  alone  on  alcohol,  and  what 

action  has  a  mixture  of  sulphuric  acid  and  potassium 
bichromate  on  alcohol  ?  (12.) 

7.  How  many  times  heavier  is  ether  vapour  than  hydrogen  P 

What  weight  of  oxygen  is  necessary  to  bum  completely 
5  litres  of  ether  yaponr  measured  at  the  normal  temper- 
ature and  pressure  P  (14.) 

8.  What  do  you  understand  by  the  terra  "compound  radi- 

cal"? .  Name  the  eompousd  radicals  which  are  assumed 
to  be  contained  in  wood-spirit,  spirits  of  witte,  ehlorof ortn, 
and  acetic  acid.  (1^*)  . 

9.  How  can  carbonic  oxide  be  obtained  from  formie  and  from 

oxalic  acids  P  Describe  the  principal  properties  of  carbonic 
oxide.  (12.) 

10.  What  eyidence  can  be  adduced  that  chlorine  is  a  constituent 

of  chloroform  ?  (9.) 

11.  Explain  and  illustrate  the  analogy  between  cyanogen  and 

chlorine.  (12.) 

12.  How  can  you  obtain  the  alcohol  from  a  mixtare  of  alcohol 
and  water  ?  (12.) 
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fieeond  Stage  or  Advanced  SxaxnlnatloxL 

Instsuotioks. 

Bead  the  General  InBtmctiotts  at  the  head  of  the  Elementarj 
paper. 

To«  are  permitted  to  attempt  on)j  eight  questions. 

C=12   H=l    0=16    P*:31- 

21«  Qiye  ilie  constitational  formula  bf  acetic  a<;id  and  irtate  th« 
evidence  upon  which  this  formula  ifi  based.  (11.) 

22.  indieate  the  Yelatioiiship  existing^  between  ^ocinio,  tartaric; 
and  maUc  aoids.  How  can  zaalic  acid  be  converted  into 
suednio  acid-and  succinic  acid  into  malic  acid  ?        (l^O 

2S.  How  ie  glyoetin  obtained  P  What  is  the  evidence  that  it  is 
a  trihydno  alcohol  P  How  tnay  it  be  conrerted  into  oxalio 
add?  (15.) 

21  What  are  the  chief  characteristics  of  the  different  kinds  of 
sugars  P  By  what  reactions  could  yon  distinguish  between 
grape-SBgar  and  cane-sugar  P  (10.) 

25.  Describe  Dumas'  method  of  determining  the  rapour- 
dessity  of  a  body.  (10.) 

26.  From  what  plants  are  morphine,  strychnine,  and  quinine 
extracted  P  What  a<e  the  g6neral  properties  of  these 
bodies  and  in  what  respects  do  they  resemble  ammonia  P 

(16.) 

27.  Describe  the  chemical  changes  which  6ccur  when  Cane- 
sngar  is  converted  into  alcohol  by  fermentation.  How 
can  alcohol  be  converted  into  acetic  acid  P  (l^O 

28.  How  is  triethylphosphine  prepared  P  Describe  its  properties 

and  calculate  its  percentage  composition.  (l^O 

29.  How  can  urea  be  artificially  prepared  P  How  can  you  show 
that  it  contains  nitrogen  P  Why  is  it  sometimes  called 
carbamide  P  (12.) 

30^  Desonbe  the  successive  steps  by  which  aniline  is  prepattd 
from  benzene.  (10.) 


HonourB  Examination. 


Insteuctions. 
Bead  the  General  Instructions  at  the  head  of  the  Elementary 
paper. 
7 ou  are  permitted  to  attemft  six  questions, 
"f  ou  must  attempt  questions  41  and  47. 
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The  remaining  four  you  may  select  from  any  part  of  the 
paper.  No  class  can  be  obtained  in  Honours  unless  questions 
41  and  47  be  satisfactorily  answered. 


41.  Give  a  short  account  of  the  theories  whicb  have  been  pro- 
posed concerning  the  constitution  of  benzene.  0-^') 

42.  Describe  how  you  would  determine  the  molecular  weights 

of  strychnine,  nicotine,  and  glycerine.  .  (^^O 

43.  Give  some  account  of  the  researches  of  Fischer  on  the 
relations  of  cafiEeine  to  nrio  acid.  O-^-) 

44.  What  is  the  chemical  nature  of  gun-cotton  ?     How  can  it 

be  reconverted  into  cellulose  P     How  ooul4  you  determine 
its  elementary  composition  ?  0-^-) 

45.  How  could  you  ascertain  by  physical  methods  the  compb- 
sition  of  a  mixture  of  ethyl  alcohol  and  fermentation  amyl 
alcohol  P  (14.) 

46.  Every  organic  compound  whose  solution  rotates  a  ray  of 
polarized  light  contains  one  or  more  asymmetric  atoms 
of  carbon.  Discuss  this  statement  and  explain  its  (^pli- 
cation to  the  theory  of  isomerisuL  (1^*) 

47.  What  are  the  proximate  constituents  of  bread,  milk,  butter 

and    blood  P      Give    their   characteristic    properties,  and 
describe  how  you  could  isolate  them.  i}^-) 

48.  A.  mixture  of  ethyl  iodide,  carbon  disulphide,  and  acetic 
acid  is  given  to  you  for  analysis.  Describe  how  you  could 
separate  and  determine  the  amount  of  each  ingredient. 

(16.) 


SUBJECT  XIi'.     PBAGTIGAL  OBGANIG 
GHEMISTBY. 

Examinees,    W.  J.  RUSSELL,  Esq.,  Ph.D.,  F.R.S.,  and 
PROFESSOR  T.  E.  THORPE,  B.Sc.,  Ph.D.,  F.R.S. 


General  Instructions. 
If  the  rules  are  not  attended  to,  the  paper  will  be  cancelled. 

You  must  take  the  same  stage  in  this  written  examination 
that  you  are  taking  in  the  examination  in  Practical  Analysis 
in  this  subject. 
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Pat  the  number  of  the  question  before  your  answer. 

The  value  attached  to  each  question  is  indicated  by  a  number 
placed  at  the  end  of  the  question. 

Yon  are  to  confine  your  answers  strieUy  to  the  questions 
proposed. 

Your  name  is  not  given  to  the  Examiners,  and  you  are  for- 
bidden  to  write  to  them  abont  your  answers. 

The  examifuUion  in  this  paper  lasts  for  one  hour. 


First  Stage  or  Elementary  Examination. 

InsteuctionS. 
You  are  only  permitted  to  attempt  two  questions. 


1.  How   could   you   ascertain    that    vinegar    contains    acetic 

add?  (10.) 

2.  Describe,  with  a  sketch,  how  ether  is  made.  (10/) 

3.  Give  the  tests  by  which  you  would  distinguish  between  oxalic 

and  tartaric  acids.  (1^) 


Second  Stage  or  Advanced  Examination. 

Instbuctions. 

Bead  the  General  Instructions  at  the  head  of  the  Elementary 
paper. 

You  are  only  permitted  to  attempt  two  questions. 

21.  Describe  the  various  methods  of  preparing  marsh  gas,  and 
give  sketches  of  the  apparatus  employed.  How  coald  you 
distinguish  this  gas  from  hydrogen  and  from  ethylene  ? 

(15.) 

22.  Describe  the  method  of  making  an  elementary  organic 
analysis  of  sugar,  (10.) 

23.  How  could  you  obtain  oxalic  acid  from  sugar  P  What  is 
the  action  of  a  solution  of  ammonium  oxalate  upon  the 
following  bodies:  lead  acetate,  sulphuric  acid,  calcium 
diloride,  ferrous  sulphate  P  (10.) 
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SUBJECT  XIp.    P&A.CTICAL  OSOAMIC 
CHEMISTST. 


PRACTICAL  HXAMIKATION  IS  CHEMICAL 
ANALYSIS. 


ExiMiKiBS,   W.  J.  EUSSBLL,  Esq.,  Ph.D.,  F.R.S.,  ahd 
PR0PBS80B  T.  E.  THORPE,  B.So.,  Ph.D.,  P.R.S. 

Ins^rueHmu  to  Ocmdidaiea. 
AoaljBiB  Tables  and  Works  on  Chemistry  may  hot  be  used. 


Klementary  Stage. 

The  practical  work  foi^  the  Elementary.  Stage  EtaminatiotL  iB 
confined  to  the  qualitative  analysis  of  two  mixtures,  which  may 
each  contain  not  more  than  two  of  the  following  constitnentB, 
together  with  an  inorganic  base  or  bases  wliich  need  not  be 
determined : — 

Formic  acid,  acetic  acid,  oxalic  acid,  tartaric  acid,  salicylic 
acid. 

Two  and  a  quarter  hours  are  allowed  for  ihis  part  of  the 
examination. 


Advanced  Stage. 


The  practical  woi%  for  the  advanced  stage  examination  it 
confined  to  the  qualitative  analysis  of  two  substaneee,  each 
of  which  may  contain  not  more  than  two  simple  ot|pmic 
salts;  the  materials  will  be  selected  from* the  following 
list,  together  with  one  or  two  inorganic  bases,  which  are 
also  to  be  determined :  Hydrocyanic  acid,  formic  acid, 
oxalic  acid,  acetic  acid,  benzoic  acid,  succinic  acid,  tartaric 
acid,  citric  acid,  and  salicylic  acid. 

^hree  and  a  quarter  hours  are  allowed  for  ihis  part  of  (he 
examination. 
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Honours. 

Tho  examination  in  Honours  confiists  of  a  qaaUtati^e  analysis  of 
the  two  miztares  snpplied,  and  of  the  determination  of  the 
percentage  of  carbon  and  hydrogen  contained  in  the  organic 
Bubstanoe  distribated  for  thie  purpose. 

The  bottle  marked  (A)  contains  a  substance  in  which  the  per- 
centage of  carbon,  hydrogen,  and  oxygen  (the  latter  by 
loss)  is  to  be  determined  by  Organic  Analysis. 

Bight  hours  are  allowed  for  the  eg^mmatwrn  in  qualitative  and 

quantitative  andlyeis  in  Sonours. 


SUBJECT   ISH     GEOLOGY. 

ExAMiNBR,  H.  W.  fiRIStOW,  F.B.S.,  F.G.S. 


GlNlRAL  InSTBUCTIONS. 

gthe  raie8  are  not  atteBded  to,  the  paper  will  be  cteoailed. 

You  may  take  the  Elementary,  or    the  Advanced,  or  the 
Honours  paper,  but  you  must  coniine  yourself  to  one  of  them. 

Put  the  number  of  the  question  before  your  answer. 

Yon  are  to  confine  your  answers  strictly  to  the  questions 
proposed. 

Your    name  is  not  given  to  the  Examiner,  and  you  are 
forbidden  to  write  to  him  about  your  answers. 

The  examination  in  this  subject  lasts  for  three  hours* 


First  Stage  or  Eleooieiitary  Examination. 

Instbuctiohs. 

Read  the  General  Instructions  on  Page  1. 

You  are  only  permitted  to  attempt  eight  questions. 

You  must  attempt  the  first  three  questions  on  the  pfe^per.     The 
remainiag  five  you  may  s^ect  from  any  part  of  the  paper. 

The  value  attadied  to  each  question  ia  the  seale. 
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1.  Explain  the  meaning  of   the  term  Tertiary,  sa  used  in 

Geology. 

2.  Describe  an  Ammonite.      In    what    rocks  do  Ammonites 
occur? 

3.  Briefly  describe  the  minerals  which  gS  to  form  Granite  or 

BaaaU. 


4.  Define  the  terms  Synclinal,  (Outcrop,  Dyke,  Breccia. 

5.  What  is  Sandstone  P     How  has  it  been  formed  ? 

6.  Arrange  in  vertical  order  the  following  Formations  according 
to  their  relative  ages,  placing  the  oldest  at  the  bottom  of 
the  list : — Llandeilo  Beds,  Forest  Marble,  Devonian  Beds, 
Upper  Greensand,   lingola  Flags,   London  Clay,   Oxford 

^       Clay. 

7.  How  may  it  be  inferred  that  certain  rocks  were  formed  in 
shallow  water  ? 

8.  What  are  "snbmei^d  forests"?  How  have  they  been 
formed  ? 

9.  Explain  the  difiEerence  between  Pebbles  and  Nodules. 

10.  Describe  briefly  the  rocks  knovm  as  Old  Red  Sandstone. 
Where  do  they  occur,  and  what  is  there  specially  interesting 
as  to  their  fossils  ? 


Second  Stage  or  Advanced  ExamlnatioxL 

iKSTBUOnONS. 

Bead  the  General  Instructions  on  Page  1. 

You  are  only  permitted  to  oMempt  bud  questions. 

Tou  mu9t  attempt  the  first  two  questions  on  the  paper.     The 
remaining  fawr  you  may  select  from  any  part  of  the  paper. 

The  value  attached  to  each  question  is  the  same. 


21.  Clays  are  of  various  shades  of  blue,  brown,  or  red,  Ac. 

To  what  are  these  differences  of  colour  usually  due  ? 

22.  Draw    an    imaginary  section  across  a  tract  of   country, 
showing  springs  produced  in  four  different  ways. 
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23.  Describe  three  important  kinds  of  rock  mainly  or  entirely 
composed  of  Carbonate  of  Lime ;  and  give  the  geological 
ages  of  each  of  the  kinds  yon  mention. 

24.  Give  the  names  of  six  species  of  Ammonites  which  are 
especially  characteristio  of  definite  horizons  in  the  Jurassic 
series,  giving  the  exact  geological  horizon  of  each. 

25.  What  are  Concretions  ?     How  have  they  been  formed  ? 

Describe  some  that  are  of  economic  valne,  oconrring  in 
the  British  Isles. 

26.  Compare  the  marine  Fanna  of  the  Silurian,  Liassic,  and 

Eocene  periods. 

27.  What  is  implied  by  the  term  Oligocene  ?  In  what  part  of 
the  British  Isles  do  beds  occur  ^hich  are  referred  to  this 
age? 

28.  Describe  the  mode  of  occurrence  of  the  ore  from  which 

Silver  is  |irocured  in  Britain.     Mention  the  districts  and 
the  rocks  m  which  it  is  found. 


HonourB  Ezaminatiozi. 

Instbuotions. 

Bead  the  Oeneral  Instructions  on  Page  1. 
Ton  are  permitted  to  attempt  aU  the  questions. 
The  value  attached  to  each  question  is  the  same. 


41.  The  approximate  geological  age  of  rocks  is  inferred  from 
the  fossils  which  they  contain. 

Describe  some  case  in  which  the  evidence  afforded  by 
Plants  seems  not  to  agree  wii^  that  afforded  by  the 
Mollusca. 

42.  Describe  the  salient  characters  of  the  Deinosaoria,  men- 
tioning the  chief  forms  and  their  geological  range. 

4S.  What  ia  the  evidence  for  the  Glaciation  of  Britain  P 

Distinguish  between  the  evidence  afforded  in  West 
Yorkshire  and  in  Norfolk  ? 

44.  Compare  the  Lias  of  South  Wales,  Dorset,  and  Yorkshire. 

45.  In  what  British    Formations    do    laeuetrine  or    estuariue 
deposits  occur  P 

State  the  reasons  for  referring  such  deposits  to  one  or 
other  of  those  modes  of  deposition. 

46.  Describe  the  rocks  in  Britain  which  are  classed  as  Arctuean. 

Give  your  reasons  for  such  classification  in  each  example 
which  you  mention. 
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SUBJECT   Xm.     MINERALOGT. 

ExAJfiNEB,  F,  RTJTLET,  Esq. 


General  Instructions. 
If  the  rates  are  not  attended  to,  the  papers  will  be  oaBcelled, 

'  You  may  take  the  Elementary,  or  the  Advanced,  or  the 
Honours  paper,  in  accordance  with  the  application  whip|L  has 
bi^n  made,  but  yon  most  confine  yourself  to  one  of  thent, 

Put  the  number  of  the  question  before  your  answer. 

Ton  are  to  confine  your  answers  «Mc%  to  the  questions 
proposed. 

Your  name  is  not  giren  to  the  Examiner^  and  you  B^e  for- 
bidden to  write  to  him  about  your  answers. 

The  examination  in  this  auhject  lasts  far  three  hours. 


Tint  Stage  or  Elementary  EzamlnatioxL 

Instructions. 

You  are  only  permitted  to  attempt  six  questions  in  all,  of 
which  the  last  question  (No.  10)  is  obligatory. 

The  value  attached  to  each  question  is  shown  in  brackets 
after  the  question. 

It.  Give  the  chemical  composition  of  the  following  minerals : — 
Calcite,  quartz,  baryttss,  fluor-spar.  (I^-) 

8.  In  what  systems  do  these  minerals  respeetirely  eiystaliise  P 

(14.) 

3.  What  are  the  directions  of  cleavage  in  oaloite  and  iuoiv 

spar?  (14.) 

4.  By  what  simple  tests  may  calcite,  quartz,  barytes,  and  fluor- 
spar  be  respectively  recognised  F  (14.) 

5.  Describe  the  minerals  hematite  and  corundam,  mmtioning 
any  varieties  and  the  uses  to  which  they  are  applied. 

(14.) 

6.  Give  Mohs'  Scale  of  Hardness  and  state  in  what  systems 
Nos.  8,  9,  and  10  of  that  scale  respectively  crystallise. 

(14.) 

7.  State  what  you  know  concerning  rock-salt  and  its  mode  of 
occurrence.  (14.) 
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8.  Name  any  mineral  which  crystallises  in  the  form  of  a  rhombio 
dodecahedron.  To  what  system  does  this  form  belong,  how 
many  faces  does  it  present,  and  what  is  the  form  of  each 
fece?  (14.) 

9.  Name  ai;iy  minerals  which  exhibit  phosphorescence^  IJader 
what  conditions  is  this  phenomenon  displayed  P         (14.) 

10.  Name  the  three  specimens  placed  before  yon,  giving  the 
systems  in  which  they  respectively  crystallise  and  the 
chemical  composition  of  each.  Also  make  a  blowpipe 
examination  of  the  three  powdered  minerals  given  yon, 
stating  yonr  resnUa,  aad  the  mean^  hy  which  yon  have 
arriv^  at  them.  (30.) 


Second  Stage  or  Adyanced  Xxamlnatlon. 

Instbuctioks. 

Bead  the  Qeneral  Instmctions  at  the  head  of  the  Elementary 
paper. 

You  ar!p  only  permitted  to  attempt  six  questions  in  all,  of 
which  the  last  two  (Nos.  29  and  80)  are  obligatory. 

The  value  attached  to  each  question  is  shown  in  bracket? 
after  tiie  q^e8tion, 

8L  What  is  an  9ptie  axis  ?  Give  two  examples  ol  uniaxial  aitid 
two  of  biaxial  crystals.  (1^0 

22.  By  what  means  do  yon  distinguish  a  uniajiial  from  % 
biaxial  crystal  ?  (14.) 

28.  What  is  the  chemical  composition  of  albite?  In  whai 
system  does^it  crystallise  and  in  what  directions  is  it 
cleavable  P  (14.) 

24.  Dsaoribe  the  minerals  zircon  and  beryl.  (14.) 

25.  By  what  characters  would  you  distinguish  muaoovite  from 
biotite  and  barytes  from  celestine  P  (14.) 

26.  In  what  systems  do  the  following  minerals  crystallise  :^- 
Natrolite,  epidote,  brookite,  augite,  and  pyrargyrite  P 

27.  How  would  you  distinguish  spinel  from  ruby,  both  stones 
beine  cut  and  polish^,  and  of  approximately  the  same 

28.  Draw  a  crystal  of  selenite,  marking  the  different  faces  with 
Miller's  or  Naumann's  symbols  and  define  the  position  of 
the  optic-axial  plane.  (1^-) 
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29.  Describe  the  six  models  placed  before  yon,  naming  a  mineral 
Tvhich  crjstalliseB  in  each  of  these  forms.  (^^0 

30.  Name  the  three  specimcDS  placed  before  jon,  giving  the 
chemical  composition  and  crjstallographic  sjstem  of  each. 
Also  make  a  blowpipe-analjsis  of  the  tl^e  powdered 
minerals  supplied  to  yon,  briefly  describing  yonr  mode  of 
procedure  and  the  qaalitative  results.  (30.) 


HononrB  Kzamlnation. 

Ikstbugtions. 


Bead  the  General  Instructions  at  the  head  of  the  Elementary 
paper. 

Ton  are  only  permitted  to  cUtempt  six  questions  in  all,  of 
which  the  last  (No.  48)  is  obligatory. 

The  value  attached  to  each  questipn  is  shown  in  brackets 
after  the  question. 

41.  Name  three  minerals  having  the  general  formula  RSO^, 
and  describe  one  of  them.  (14.) 

42.  Describe  the  section  of  the  wave-surface  of  a  biaxial  crystal 
in  the  plane  of  the  axes  of  maximum  and  mean  elasticity, 
and  illustrate  your  descriptiou  by  a  drawing.  (1^0 

43.*  Describe  the  minerals,  pyrites,  cobalt-glance  and  marcasite. 

(14.) 

44.  How  would  you  distinguish  a  positive  from  a  negative 
uniaxial  crystal  ?  (l^*) 

45.  Describe  the  phenomena  usually  presented  by  the  inter* 
ference-figures  of  rhombic  and  monoclinio  crystals.    (14.) 

46.  To  what  groups  do  the  minerals  anthophyllite,  enstatite, 
and  zoisite  respectively  belong,  and  what  characters  have 
these  species  in  common  P  (14.) 

47.  Draw  a  twinned  crystal  of  staurolite,  marking  the  faces 
with  Miller*B  symbols.  Give  also  Naumann's  symbols  for 
the  forms  represented  in  your  drawing.  (14.). 

48.  Name  the  six  specimens  placed  before  you,  giving  the 
chemical  composition  of  each,  and  the  system  in  which  it 
crystallises.  Make,  also,  a  complete  qualitative  blowpipe 
analysis  of  the  three  powdered  minerals  set  before  yoo» 
describing  tl^e  results  of  your  analysis  and  the  processes  hy 
which  you  have  arrived  at  those  results. 

(30.) 
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SUBJECT  XIV.    ANIMAL  PHYSIOLOGY. 

ExAMiHiBRS,  PROFESSOR  HUXLEY,  LL.D.,  F.R.S.,  ahd 
PROFESSOR  M,  FOSTER,  M.D.,  Sec.  R.& 


General  Instructions. 
.     If  the  roles  are  not  attended  to,  the  paper  will  be  cancelled. 

Ton  maj  take  tlie  Elementair,  or  the  Advanced,  or  the 
Hononrs  paper,  bnt  yon  mnst  confine  jonrself  to  one  of  them. 

Pnt  the  nnmber  of  the  qnestion  before  jonr  answer. 

The  Talne  attached  to  each  qnestion  in  the  Elementary  and 
Advanced  papers  is  shown  in  Intickets  after  the  qnestion,  bnt  a 
fnll  and  correct  answer  to  an  easy  qnestion  will  in  all  cases 
Becnre  a  larger  nnmber  of  marks  than  an  incomplete  or  inexact 
answer  to  a  more  difficult  one. 

Yonr  name  is  not  given  to  the  Examiners,  and  yon  are  for- 
bidden to  write  to  them  about  your  answers. 

Yon  are  to  confine  yonr  answers  sirietly  to  the  questions 
proposed. 

The  Examination  in  this  subject  lasts  for  three  hours. 


First  Stage  or  Elementary  Examination. 

iMSTRtJCTIOHS. 

Yon  are  permitted  to  atternpt  only  ei^ht  questions.  You  must 
aUempt  the  first /our  questions  on  the  paper ;  the  remaining  four 
you  may  select  hx>m  any  part  of  the  paper. 


1.  About  how  much  air  do  we  fake  into  the  chest  at  a  breath  ? 
What  makes  it  gp  in  ?  What  makes  it  come  out  ?  What 
is  the  effect  on  the  lungs  of  trying  to  take  a  deep  breath,  if, 
while  trying  to  take  it,  we  keep  the  nose  and  mouth  tightly 
closed?  (16.) 

2.  What  is  the  composition  of  fat,  and  how  does  it  differ  from 
that  of  sugar  ?     What  is  meant  by  the  digestion  of  fat  t 
Where  and  how  does  it  take  place  ?  (16.) 
(4598)                                                                        G 
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3.  Of  what  parts  is  the  wrist  joint  made  up  P  How  do  the 
movements  of  the  hand  which  yon  can  make  at  the  wrist 
joint  differ  from  those  of  the  foot  which  yon  can  make  at 
the  ankle  joint,  and  why  ?  (16.) 

4.  How,  in  a  living  body,  does  the  blood  flow  from  a  cat 
artery,  andf  how  from  a  cut  vein  ?  "Why  is  the  floW  diff^^nt 
in  the  two  cases  ?  How  can  you  bc^  dto{)  the  bleeding 
from  a  cut  artery,  and  how  from  a  cut  vein  ?  (16.) 


5.  What  is  a  muscular  fibre  P    About  how  big  is  a  muscular 

fibre  of  oYi6  of  yotir  ontk  mascles  ?  BxplAm  how  mtrBcuIar 
fibres  are  built  up  into  an  ordinary  mudcte.  (9.) 

6.  iHow  does  the  arrangement  of  the  blood-vessels  and  the  ctr- 

calation  of  the  blood  iu  the  liver  differ  from  the  arrangement 
of  the  blood-vessels  and  the  circulation  of  the  blood  in  a 
muscle  t  What  purpose  is  served  by  the  peculiar  blood 
Aupply  df  thd  liver  f  (9.) 

i.  Where  is  the  spinal  cord  placed  ?  Where  and  how  does  it 
end  above  and  below  P  What  can  you  learn  concerning  its 
structure  without  using  a  microscope  f  (9.) 

8.  How  does  the  upper  part  of  the  cavity  of  the  nose  into  which 
the  nostril  leads  differ  from  thfe  fo^er  part  P  What  dif- 
ferent  functions  are  performed  by  the  two  parts  P       (9.) 

4.  Of  what  two  distinct  parts  is  the  skin  made  up  P  HoW  do 
they  differ  from  each  other  in  structure,  and  what  are  the 
chief  uses  of  each  part  ?  (9.)  . 

10.  What  is  saliva  ?  Where  and  how  is  it  formed  P  What  are 
its  uses  P  (9.) 

11.  Explain  how  it  comes  about  that  your  body  has  about  the 
same  tep^perature  on  the  hottest  day  in  summer  and  the 
coldest  day  in  winter.     What  is  that  teiiiperatuife  P     (9. 

12.  When  a  body  has  been  buried  for  sdme  time,  nothing  is  left 
but  the  bones.  Why  have  all  the  other  parts  disappeared, 
arid  '^hat  !ias  become  of  therii  P  (9.) 


Second  Stage  or  Advanced  Examination. 

INSTBITCTIONS. 

Seftd  tbd  dtenerkl  Instructions  ai  the  head  of  the  Etoiueui^ry 
paper. 

xou  are  permitted  to  attempt  on\j  five  questions.  Ton  intist 
a^^^fHpl  the  &r^iwo  queBiiooi  ou  the  paperr ;  ikn  redkaining  ihfee 
yolh  it!»,j  feieildK^  from  atiry  part  of  tiie  p^r. 
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31.  Peecribethe  str^ctiire  o{  an  artery  as  made  out  (a)  wiihiyut 
the  help  of,  (6)  with  the  help  of^  a  microscope.  What  are. 
the  two  chief  properties  of  the  arteries  in  the  living  body  P. 
How  do  large  and  small  arteries  differ  in  regard  to  these 
properties?  What  part  do  these  properties  respectively 
play  in  carrying  on  the  circulation  of  the  blood  P       (26.) 

22.  Give  an  account  of  the  structure  of  the  lung,  pointing  out 
the  uses  of  the  several  parts  in  Carrying  on  the  work  of 
respiration.  State  exactly,  and  explain  fully,  what  happens 
to  a  lung  when  a  free  opening  is  made  into  its  pleural 
cavity  through  the  chest  walls,  and  what  are  the  results  of 
the  respiratory  movements  under  those  circumstances  P 

_  (26.) 

23.  Describe  the  structure  of  a  villus  in  the  small  intestine. 

State  how  a  villus  differs  in  appearance  and  condition 
according  as  food  has  or  has  not  been  taken,  and  explain  the 
part  played  by  a  villus  in  absorbing  digested  food.       (16.) 

24.  What  is  lymph  p  What  is  the  ultimate  source  of  lymph  P 
What  determines  its  greater  or  less  abundance  in  a  tissue 
from  time  to  time  ?  In  what  parts  of  a  tissue  is  it  lodged 
before  it  finds  its  way  into  the  minute  lymphatic  vessels, 
and  what  are  the  causes  which  lead  to  its  flowing  onwar4 
along  the  lymphatic  vessels  into  the  venous  system  r  (16.) 

2^.  Describe  the  structure  of  the  spleen.  What  changes  take 
place  in  the  size  of  the  spleen  from  time  to  time,  and  how 
are  those  changes  brought  about  P  (1^*) 

26.  Give  an  account  of  the  vagus,  or  pneumo-gastric  nerve, 
stating  from  what  part  of  the  brain  it  takes  its  origin,' and 
to  what  parts  it  is  distributed.  State  in  the  order  of  their 
importance  the  chief  functions  of  this  nerve.  (l^O 

27.  Grive  an  account  of  the  appearance,  structure,  and  relations 
.    of  the  chordoB  voealM,    Describe  tiie  changes  which  tak^ 

place  in  the  larynx,  (a)  when  a  high  note,  (h)  when  a 
low  note  is  soxmded,  and  explain  how  those  changes  are 
brought  about.  (16.) 

28.  Describe  the  structure  of  the  iris.     Under  what  circum- 

stances  is  the  pupil  widened,  under  what  circumstances  nar- 
rowed P  Explain  the  nervous  agency  by  which  the  widening 
and  the  narrowing  are  brought  about.  (1^-)  ' 


Honours  Examination. 

IwrfTBUCTIONS. 


Bead  the  General  Instructions  at  the  head  of  the  Elementary 
paper. 

0  2 
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Ton  are  permitted  to  attempt  only  four  questions.  Yon  mnst 
attempt  the  first  two  qnestions  on  the  paper ;  the  remaining  two 
jon  may  select  from  any  part  of  the  paper. 

The  yalne  attached  to  each  question  is  the  same. 


41.  Describe  the  minnte  structure  of  the  iris.  State  the  several 
events  which  lead  respectively  to  narrowing  and  widening 
of  the  pupil,  and  explain,  as  far  as  our  present  knowledge 
permits,  how  these  are  brought  about,  pointing  out  the 
nervous  paths  and  centres  concerned,  and  discussing  the 
nature  of  the  local  mechanisms. 

42.  Describe  the  origin  of  lymphatic  vessels,  and  discuss  the 
various  causes  which  determine  the  quantity  and  quality  of 
tbe  lymph  present  in  any  part  of  the  body — ^in  a  limb,  for 
instance — and  the  rapidity  with  which  it  is  removed  or 
renewed. 


43.  Describe  accurately  tbe  sounds  of  the  heart,  including  the 
modifications  which  may  occur  in  them,  and  discuss  fully 
their  nature  and  causes. 

44.  Describe  the  structure  of  a  typical  nucleus,  ifcs  relation  to  the 
cell-su\>stance,  and  the  changes  which  it  undergoes  during 
cell  division.  State  and  criticise  the  evidence  which  has 
been  adduced  in  favour  of  the  view  that  the  nucleus  exerts 
an  influence  on  the  changes  which  take  place  in  the  cell- 
substance  of  the  cell  to  which  it  belongs. 

45.  Give  an  account  of  the  several  parts  played  by  the  vagus 
nerve  in  the  general  working  of  the  animal  body,  as  seen  in 
health  and  disease,  distinguishing  the  constituent  parts  of 
the  trunk  of  the  Tagus,  commonly  so  called. 

46.  Explain  what  is  meant  by  '*  tissue  proteid "  and  "  circulating 

proteid,"  stating,  and  defending  or  criticising,  the  reasoning 
on  which  such  a  distinction  is  made. 


Praotioal  Examination. 


1.  Describe  one  of  the  specimens  A,  B,  C,  stating  the  histo- 
logical points  which  it  illustrates. 

2.  Stain  and  mount  one  of  the  cut  sections  D  and  state  its 
nature. 

3.  Examine  the  fluid  E  and  say  what  you  consider  it  to  be. 

4.  Demonstrate  by  the  graphic  method  the  nature  of  the  curve 

of  a  tetanic  contraction. 
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SUBJECT  XV.   BOTANT. 

ExAMiKiBS,7-S.  H.  VINES,  Esq.,  M.A.,  D.So.,  F.R.S.,  taii 
D.  H,  SCOTT,  M,A.,  Ph.D. 

Genebal  Instbuctions. 
If  the  rales  are  not  attended  to,  the  paper  wiU  be  eanoelled. 

Yon  maj  take  the  Elementary,  or  the  Advanced,  or  the 
Honours  paper,  in  accordance  with  the  application  whioh  has 
been  made,  but  yon  mo^t  confine  joi^rself  to  one  of  them. 

Pnt  the  number  of  the  question  before  your  answer. 

You  are  to  confine  your  answers  strictly  to  the  questioQit 
proposed. 

The  value  attached  to  each  question  in  the  Elementarv  and 
Advanced  stages  is  shown  in  brackets  after  the  qneiition.  But 
a  full  and  correct  answer  to  an  easy  question  will  in  all  cases 
secure  a  larger  number  of  marks  than  an  incomplete  or  inexact 
answer  to  a  more  difficult  one. 

Your  name  is  not  given  to  the  Examiners,  and  you  are  for* 
bidden  to  write  to  them  about  your  answers. 

The  Examination  in  this  subject  lasts,  for.  three  hours. 


First  Stage  oi^  Elementary  Examinatloa*, 

Instructions. 

You  are  permitted  to  c^ttempt  only  six  questions. 

Yon  must  attempt  the  first  two  questions  on  the  paper.    Th^ 
remaining  four  you  may  select  fi-om  any  part  of  the  paper. 

1.  Befer  the  plant  placed  before  ypu  to  its  natural  prder, 
giving  your  reasons  for  doing  so,  and  describe  it  fully,  teiking 
its  organs  (when  present)  in  the  following  order : — ' 

Stem,  Calyx,  Pistil, 

Leaves,  Corolla,  Froit, 

Bracts,  Stamens,  Seed.  (24.) 

2.  From  what  soi^rce  does  a  green  plant  obtain  its  carbonaceous 
food,  and  in  what  form  and  by  what  organs  does  it  absorb 
it  P  Whi^t  are  the  conditions  uppn  which  the  assimilation 
of  the  carboi^aceons  food  depends  ?  (20.) 

3.  Compare  the  structure  of  the  root  of  any  flowering  plant 
with  that  of  its  stem.  Mention  and  briefly  describe  cases 
in  which  (a)  the  stem,  and  (6)  the  root  has  become  modified 
to  serve  as  a  depository  of  reserve  materials.  (14.) 
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4.  Describe  in  detail  the  titmctnre  Of'iiin^lithdrand  of  a  pollen- 
grain.  (14.) 

5.  State  what  is  meant  by  annual,  biennial,  and  perennial 
plants,  giving  examples.  (14.) 

6.  Describe,  with  examples,  the  stmctare  of  (a)  a  hypogynons, 
(6)  a  perigynons,  and  (c)  an  epigynoas  flower.  (14.) 

7.  Bescribe,  with  diagramfi,  the  primitiye  stmGtnre  and  the 
mode  of  growth  in  thickness  of  the  stem  of  a  dioot jledo- 
nons  plant.  Why  does  the  stem  of  diootyledonoos  plants 
nsnally  increase  in  thickness  ?  (1^0 

8.  Describe  the  method  by  which  the  imporiAnce  of  the  yarions 
mineral  oonstitaents  of  a  plant's  food  has  been  most 
satisfactorily  ascertained.  (1^) 

9.  Describe  and  compare  the  seeds  of  the  Bean  and  of  the 
Wheat.  (14.) 

10.  Briefly  describe,  givii^  examples,  the  following  forms  of 
» inflorescence,   and  point  out   the    relation  wUch    exists 

between  them  :  spike,  spadix,  raceme,  head.  (14.) 

11.  State  what  is  the  tissue  in  which  water  travels  from  the 
root  to  the  leaves,  mentioning  illustrative  experiments. 

(14.) 

Second  Stage  or  Advanced  BxaTnlTiatlon. 

iNSTRUCrrONS. 

Bead  the  General  Instructions  at  the  head  of  the  Elementary 
paper. 

You  are  permitted  to  atiempt  only  six  questions. 

You  must  attempt  the  first  three  questions  on  the  paper,  the 
remaining  three  you  may  select  from  any  part  of  the  paper. 

21.  Refer  the  plant  placed  before  yoc  to  its  natural  order, 
giving  your  reasons  for  doing  so,  and  describe  it  fully, 
taking  its  organs  (when  present)  in  the  following 
order : — 

Stem,  Calyx,  Pistil, 

Leaves,  Corolla,  Fruit, 

Bracts,  Stamens,  Seed.       (24.) 

22.  Describe  the  stmctare  pf  a  growing'  cell,  and  state  what  are 
the  conditions  which  are  essential  to  growth.  (17.) 

2X  Draw  the  floral  di^tgram  of  any  gtass,  ahd  state  in  what 
respects  it  differs  £rom  that  typical  bf  the  petaloid  mono- 
cotyledons. (17.) 

24.  Describe  the  structure  of  a  rascular  bundle  in  the  stem  of 
any  monocotyledon,  and  state  in  Whifit  ordex'  the  different 
parts  are  developed.  ^  (14.) 
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,fl6.  aOflsoribe  ihe  Jiril  of  iixij  JPrii^  plant.  (14») 

96.  Describe  ihe  fltmetare,  and  etate  what  are  tlia  functions,  of 
TOot-hairs.  By  what  means  is  a  voot  able  to  absorb  from 
the  soil  substances  which  are  insoluble  in  water  ?     (14.) 

27.  State  what  are  the  greneral  characteristics  of  the  epidermal 
tiflsae  of  tbe-sabsReriM  parts  of  plants.  (14.) 

26.  Giyean  acoonnt  of  the  straetnxe,  the  mode  of  growth,  and 
the  chemical  composition  of  a  «tai>eh-gvain.  (^^0 

29.  Briefly  describe  the  pecnliarities  occnrring  in  the  varions 
British  genera  of  Bannncnlacen,  in  (a)  the  stmctnre  of  the 
flower,  and  (b)  the  stractnre  of  the  froit.  (14.) 

30.  Describe  the  process  of  cell-formation  in  (a)  the  vegetatiTe 

^issiMSj^and  {b)  the  endospen^  of  a  flowering  plant. 

(14.) 


Honours  Xzaminatlon. 

Instructions. 


Read  the  General  Instmctions  at  the  head  of  the  Elementary 
paper. 

You  are  permitted  to  attempt  ontyfive  questions. 

Yon  most  attempt  the  first  question  on  the  paper,  the  remain- 
ing/our you  may  select  from  any  part  of  the  paper. 

The  value  attached  to  each  question  is  the  same. 


41.  Befer  the  plant  placed  before  you  to  its  natural  order, 
giving  your  reasons  for  doing  so,  and  describe  it  fully, 
taking  its  organs  (when  present)  in  the  following  order : — 

Stem,  Calyx,  Pistil, 

Leaves,  Corolla,  i^Voit, 

Brasts,  Stamens,  Seed. 

42.  Describe  the  vernation  of  the  fronds  of  a  fern.  Explain 
liow  this  finnn  of  vernation  is  produced,  .and  the  mode 
in  which  the  expansion  of  tha  frond  takes  plape. 

.43.  Deporibe  fnll^  the  structure  and  development  of  tbe^  sieve- 
tubes,  and  discuss  their  probable  function. 

44.  Briefly  discuss  the  various  .means 'by  which  the.self-fertili- 
sa^on  of  flowers  is  prevented. 

45.  Describe  and  compara  tha^  structure,  at*  tha  time  of  fertilisa- 
tion^  of  the  ovule  of .  a.  gymnosperm  and  of  ^  angiosperm. 
D98cribe  minutely  the.procesa  of  fertilisation. 

46.  Mention  those  monocotyledons  the  stem  of  which  nows  in 

thickness.  Point  out  how  the  mode  of  growth  in  wickness 
of  iihese  stems  differs  from  that  which  obtains  in  the  stem 
of  dicotyledons. 
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47.  A  bean-seed  contaiiui  starch  and  albnminoids :  the  seedling 

produced  on  germination  ix>ntainB  largely  sugar  and 
asparagin.  What  is  ike  natjire  of  the  chemioal  changes 
which  have  taken  place,  fljid  bj  iRrh%t  means  have  they 
been  effected  ? 

48.  Giro  an  account  of  the  Flora  of  the  Asores.  Assuming 
that  the  Assores  are  ojiiettnio  inlands,  how  i^  tl^  fades  of  the 
Flora  to  be  accounted  for  ? 


Practice  ByaTnlTiation. 

(Botany  and  Vegetable  Morphology  and  Physiology,) 

F1B8T  Paper.    3  hours,  10 — 1. 

1.  Make  a  preparatipn  to  show  t^e  young  embryo  of  Capsdla, 

The  stage  shown  must  be  one  before  the  appearance  of 
the  cotyledons. 

2.  Make  a  longitudinal  section  of  the  ovulp  of  Finus  to  show 

the  archegonia. 

3.  Make  a  tr^psyerse  section  of  a  lateral  branch  of  the  plant 
provided,  to  show  the  anatomical  structure.  {Eusous 
aculedtu^). 

One  preparation  only  must  be  shown  in  each  case,  and 
must  be  left  in  the  field  of  the  microscope.  Each  prepara- 
tion must  Be  drawn  and  described. 


Second  Papeb.    2  hours,  2 — 4. 

Identify  and  describe  the  specimens  marked  A  and  B. 
Fifteen  minutes  allowed  each  student  for  each  specimen. 

[Specimen  A.     Preparation  of  stem  of  Catakidozamda. 
„  J?.     Preparation  of  stexn  of  Yucca,] 

Identify  and  describe  the  six  microscopical  preparations 
marked  G  to  H. 

The  preparations  must  on  no  account  be  shifted. 

Fifteen  nunutes  allowed  each  student  for  each  preparation. 

[Specimen  C.  iJaticiferous  cells  of  Jatropha, 

D,  Section  of  leaf  of  ChamoBrops, 

E,  Section  (transverse)  of  root  of  Angiopteris. 

F,  Section  (  ,,  )  of  leaf  of  Pinus. 
0,  Section  (  ,,  \  of  root  oi  Taxus. 
E.  Section  (         „        )  of  stem  of  PM^o^m.] 
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SUBJECTS  ZVL  AND  XVn.   GENERAL  BIOLOGY. 

EX4MINEB8,  PROFESSOR  HUXLEY,  LLJD.,  F.B.S.»  and 
PROFESSOR  MICHAEL  FOSTER,  M.D.,  Sec.  R.S. 


General  Instructions.. 
•  If  the  roles  are  not  attended  to,  the  pl^per  will  be  cancelled. 

Toa  are  permitted  to  answer  questions  from  the  Elementary 
P«S»r; 

Or  from  the  Adyanced  paper  in  Animal  Morphology  and 
Physiology ; 

Or  from  the  Advanced  paper  in  Vegetable  Morphology  and 
Physiology; 

Or  from  the  Hononrs  paper  in  Animal  Morphology  and 
Physiology ; 

Or  from  the  Honoure  p^per  in  Vegetable  Morphology  and 
Physu)lc>gy ; 

Bnt  yon  must  confine  yourself  to  one  of  them. 

Where  the  values  differ,  that  attached  to  each  qoestion  is 
shown  in  brackets  after  the  question.  But  a  full  and  correct 
answer  to  an  easy  question  will,  in  all  cases,  secure  a  larger 
number  of  marks  than  an  incomplete  or  inexact  answer  to  a 
more  difficult  one. 

Put  the  number  of  the  question  before  your  answer. 

Ton  are  to  confine  your  answers  strictly  to  the  questions 
proposed. 

Tour  name  is  not  given  to  the  Examiners,  and  you  are  for- 
bidden to  write  to  them  about  your  answers. 

The  examittatian  in  these  subjects  lasts  for  three  hours. 
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First  Stage  or  Klementary  Kxamiziation. 

JysTBunTjoga, 

Yoa  sre  permitted  to  attempt  onlj  eight  questions. 

Yon  mnst  attempt  the  first  four  qnestions  on  the  paper.     The 
rdtHAiniiig  four  jon  mary  eeieot  from  aeny  part 'gF^ the  psper. 


1.  What  do  Brewers  add  to  "  wort "  in  order  to  make  beer  ? 
What  is  the  nature  of  the  substance  added?  What 
changes  does  it  bring  abont  in  the  wort,  and  why,  when 
fermentation  is  over,  is  there  a  giseat  deal  more  of  the 
substance  than  was  put  into  the  wort  P  (16.) 

'2.  Oi  what  paxts  .ia  a.cammon  pea  or  broad  Ibeant- Bnch  as  is 
cooked  and  eaten,  made  up  r  What  was  the  early  state  of 
such  «  pea  or  bean  at  the  tune  when,  the  pea-flower  or  bean- 
flower  which  bore  it  had  just  opened,  and  by  what  changes 
did  it  become  what  it  is  P  (^^  J 

3.  What  is  the  structure  of  a  Bell-animalcule  or  Vorticella  ? 
How  does  it  move,  and  how  does  it  get  and  eat  its  food  P 
How  does  it  dilEer  from  a  freshwater  polype  ?  (X^-) 

4.  When  does  a  mussel  keep  his  shell  gaping  open,  and  when 
does  he  shut  it  P  How  does  he  open  it,  and  how  does  he 
shut  it  P  .  (16.) 

5.  'The  underground  creeping  part  of  the  1»»dcen  fern  is  <^f ten 

called  by  some  people  a  root.    Is  this  right  P    If  not,  why  P 
•      What  ought  it  to  be  called  P  (9.) 

6.  What  is  the  structure  of  a  sea  anemone.  How  does  it 
resemble,  and  how  does  it  differ  from  a  freshwater  polype  P 

.  7.  Bow  does  a  coloured  petal  (like  that  of  a  tvtlj^  for  example) 
resemble  and  differ  from  a  leaf  P  What  is  it  which  the 
leaf  can  do  and  the  petal  cannot,  and  why  P  What  is  it 
the  petal  does  wMoh  the  leaf  does  not,  and  why  P       (9.) 

.8.  Explain  how  a  irog  breathes.  Can  a  firpg  breathe  without 
his  lungs  P     If  so,  how  P  (9.) 

9.  If  you -cut  off  a  branoh  from  a  tree  or  shrub  in  summer  the 
leaves  soon  become  flkbb;^*  ^^J  ^s  ^^^b  P  If  you  put  the 
cut  end  of  the  branch  in  water  the  leaves  often  become 
quite  fresh  and  plump  figain.     Why  is  this  P  ^  (9.) 

10.  State  fully  and  exactly  the  various  reasons  why  the  body 
of  a  froc?  is  considered  to  be  made  up  of  a  number  oi 
segments.  (9.) 
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11.  Wliei«  TB  ite  attditoij  ovgan  or  ear  of  tbe  erajfish  /pbced? 
What  is  its  Btractore  ?    flow  is  it  sappoaed  to  «dt  ?  .(9.) 

12.  Bow  do^B^a  tadpole;  raaemble  and  dz£Eer  from  a  frog  P  ^taie 

Hriefly  the  chaDffes  by  whick  a  tadpole  becomaB  a  trog. 

(9.) 


SUBJECT   XVL     ANIMAL  MOBPHOLOOY  AND 
PHTSIOLOGlr. 


Beoond' Stage  or  Aiiyanced  Kxankixtotton. 

Instbuctioks. 

Read  the  General  Instmctions  at  the  head  of  the  Elementary 
paper. 

Yon  are  permif^ted  to  attempt  onljjhe  i^nestions. 

Yon  mnst  aitem^t  the  first  ttoo  questions  on  the  paper.     The 
remaining  three  joa  may  select  from  any  part  of  the  paper. 


21.  What  are  the  essential  characteristics  of  a  sacral  vertebra  ? 

Mention  an  animal  lielonging  to  each  of  the  following 
categories — (a)  with  no  sacrum ;  (5)  with  one  sacral  ver- 
tobra ;  (c)  with  two  sacral  veiiebre ;  (d)  with  a  "  sacrum  " 
consisting  of  mere^  than  two  veitebre,  by  addition  of  eaodal 
Tertebm ;  and  (e)  by  addition  of  lumbar  as  well  as  caudal 
vertebre.  (26.) 

22.  What  arri  the  chief  reeemblaneee  and  differences  otaserTablo 
between'  a  outde«*fish  and  a  common  slug  ?  (26.) 


23.  How  is  the  cerebro-sjpinal  nervous  system  of  a  Vertebrated 
ammal  developed  ?  (16.) 

'24.  What  ieure  the  TurheUariaf    With  what  other'  greiips  of 
animals'  are  they  most  closely  allied  P  (16.) 

25.  Describe  the  jaws,  mouth,  and  alimentary  canal  of  a  spider. 
In  what  renieota  do  the-  corresponding  parte  of  scorpions 
differ  F  (16.) 

26.  In  what  respecte  do-  the  larral  forms  of  many  Annelids* 
Mollusks,  and  Echinoderms  resemble  one  another  and  the 
Botifera  f  What  is  the  ordinary  course  of  metamorphosis 
in  a  marine  anndid  larva  ?  (16.) 
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27.  How  are    the  Amphibia   disidxLgiuBhed    from  Fi$ce$    aud 
BeptiUaf  (16.) 

28.  What  are  the  most  interesting  peculiarities  of  the  Sdtpm  t  - 

(16.) 


Honours  Examination. 

Instructions. 


Bead  the  General  Instructions  at  the  head  of  the  Elementary 
paper. 

Ton  are  permitted  to  oUempi  only  jofwr  questions. 

You  must  cUtempt  the  first  hpo  (^fiestions  on  the  paper,  the 
remaining  two  you  may  select  from  any  part  of  the  paper. 

The  value  attached  to  each  question  is  the  same. 


41.  Give  an  account  ol  the  f^truoture  and  development  of 
Peripatusj  and  discuss  its  affinities. 

42.  Describe  the  bones  of  the  pectoral  and  pelvic  arches,  and  of 
the  corresponding  limbs  in  such  a  bird  as  a  pigeon ;  and 
compare  ^em  with  those  of  (a)  a  young  ostrich,  (6)  a 
penguin,  (c)  a  pterodactyl,  (d)  a  bat. 


43.  What  are  the  modes  in  which  the  air-bladder  is  connected 

with  the  organ  of  hearing  in  the  CyprvnidtB  on  the  one 
hand,  and  in  the  common  herring  on  the  other  ? 

44.  What  are  the  distinctive   characters  of   the  GrocodiUa  T 

How  are  they  distributed  geographically  P  What  is  their 
geological  range  ?  How  do  the  older  forms  differ  in  struc- 
ture and  habitat  from  the  more  modem  crocodiles  P 

45.  Give  an  account  of  the  Brachdopoda;  and  discuss  the  ques- 
tion whether  they  have  closer  affinities  with  the  Annelids 
than  are  exhibited  by  Lamillibzanchs,  Gasteropods,  and 
Pteropods. 

46.  Give  an  account  of  the  or^nisation  and  metamorphoses  of 
any  Dipterous  insect.  What  is  there  peculiar  about  the 
process  of  metamorphosis  in  certain  Diptera  f 
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SUBJECT  ZVn.    VEGETABLE  MORPHOLOGY 
AND  FHTSIOLOGY. 

ExAMnriBs,  S.  H.  VINES,  Esq.,  M.A.,  D.Sc,  P.II.S.,  ani> 
D.  H.  SCOTT,  Esq.,  M.A.,  Ph.D. 


Second  Stage  or  Adyanced  Examination. 

Instbuctions. 

Read  the  Greneral  Instrnotioiis  at  the  head  of  the  Elementary 
paper. 

Yoa  are  permitted  to  attempt  onlj^ve  questions. 

Yon  mnst  attempt  the  first  two  questions  on  the  paper.     The 
remaining  three  yon  may  select  from  any  paH  of  the  paper. 


51.  Give  an  account  of  the  process  of  Respiration  in  plants, 
stating  the  ways  in  which  it  may  be  affected  by  external 
conditions.  W  hat  is  the  nature  of  the  metabolic  processes 
of  which  Respiration  is  the  expression  P  (^0 

52.  Trace  the  life-history  of  any  Liverwort,  and  compare  it  with 
that  of  a  Fern.  (23.) 


5.3.  Describe  folly  the  typical  structure  of  a  foliage-leaf,  and 
point  out  the  relations  which  exist  between  the  structure 
and  functions  of  the  leaf.  (i^O 

54.  Describe  the  process  of  fertilisation  in  a  Flowering- Plant, 
and  compare  it  with  that  in  a  Vascular  Cryptogam. 

(18.) 

55.  Describe  the  structure  and  reproduction  of  Saprdegwa. 

Compare  the  sexual  organs  of  Saprolegnia  with  those  of 
Jfttcor,  (18.) 

56.  GKve  an  account  of  the  process  of  absorption  of  water  by 
roots,  and  explain  how  the  root-pressure  is  set  up.    (18.) 

57.  GKve  an  account  of  the  structure,  reproduction,  and  develop- 
ment of  FUCU8.  (18.) 

58.  Give  an  account  of  the  forms  in  which  nitrogenous  reserve- 
materials  are  stored  up  in  seeds,  and  state  what  is  the 
ohemical  nature  of  these  materials  (18.) 


Digitized  by  VjOOQIC 


110  XVa— VEGETABLE  MORP«Ol.OGY  AND   PHYSIOLOGT. 

Honours  Examination. 

Instbuctiobts. 

Head  ihe  GeDeral  InslraotioBB  afc  the  headr  of  the  Elementary 
paper. 

You  are  permitted  to  attempt  only /our  questions. 

Yofi  mopt.  (^ttempi  tha  first  Uoo  qnjestions  on  the  paper,  the 
remaining  two  you  maY  select  from  any  part  of  the  paper. 

The  Talue  attached  to  each  question  is  the  same. 

61.  What  la  Tisnsphation,  and  what  is  its  signifioanoe  in  the 
economy  of  the  plant  ?  Discuss  the  various  recent  theories 
as  to  the  mode  in  which  the  water  of  the  transpiration- 
current  trayels  in  the  wood. 

62.  What  is  the  Archeaporium  ?    Compare  its  development  in 

Polypodium,  Selaginella,  Finns,  and  the  Angiosperms. 

63.  Give  an  account  of  the  various  modes  of  development  of  th^ 
embryo  from  the  oospore  in  Gymnosperms. 

64.  State  what  are  the  differences  between  an  etiolated  and  a 
normal  plant  of  the  same  kind^  and  give  an  explanation  of 
these  differences. 

65.  Classify,  g^iving  examples,  the  modes  of  sexual  reproduction 
observed  in  the  Fungi. 

M.  GKve  instances  of  the  conduction  of  a  stimuhis  in  plants 
and  explain  by  what  means  the  conduction  is  effected. 

(N'.B. — Th%  questiont  set  ai  the  Practical  Examination  in  this 
iubfed  wiU  he  found  at  p,  104.) 


SUBJECT  XVm.  FBIMGIFLEB  OF  MININO. 

Examiner,  H.  BATJEBMAN,  Esq.,  F.O.S. 


Gbneral  Instbuctioits. 
V  the  roles  are  not  attended  to,  the  paper  will  be  caoeelled. 

¥qu  may  iiaiDe  the  Elementary,  or  the  Advanced,  or  the 
Honours  paper,  hot  you  must  confine  yourself  to  one  of  them. 

Put  the  number  of  the  question  before  your  answer. 
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Yon.  aiff  iar  fldnftag  y<mr  Miwtt^  $tf6Bthf<  ta  ths  f&estioiui 
proposed. 

Year  nftme  is  not  given  ta  the  Bzaminer,  and  yon  are  forbidden 
to  write  to  him  abont  your  anawers. 

The  Examination  in  this  subject  lasts  for  three  hours. 


Tint  Stege  or  Ktamentaiiy 

iNBTRucnoirs. 
Yon  are  only  permitted  to  aitempt  eight  questions. 
Yon  may  select  these  from  any  part  of  the  paper. 
The  yalne  attached  to  each  question  is  the  same. 

1.  What  are  the  general  characters  of  the  deposits  in  which 
the  following  minerals  aie  fonnd  P 

(a)  Goal 
(h)  Salt. 
(e)  Tin  ore. 

2.  What  is  the  method  usually  adopted  for  finding  the  eoi:- 
tinuation  of  a  coal  seam  that  has  been  broken  by  a  fault  P 

Describe,  with  sketches,  the  kinds  of  picks  used  for  working 
in  stone  and  coal  reapectiyely. 

4  How  wonld  you  sharpen  and  temper  the  bit  of  borer  for 
boring  by  hand  in  rock  P  What  shape  and  dimensions 
would  you  prefer  P 

5.  What  is  the  construction  of  safety  fuse,  and  how  is  it  used 
with  gunpowder  and  dynamite  respectively  ? 

6.  How  is  water  raised  from  a  deep  mine  without  pumps  P 

7.  What  dangerous  and  deleterious  gases  are  likely  to  be  met 

with  in  working  coal  or  metal  mines  respectively  P 

8.  What  volume  of  fresh  air  should  be  provided  per  iniimte  in 
a  colliery  hxt  each  nun  employed  underground  P 

9.  What  methods  are  generally  adopted  for  Tentilatii^  the 

ends  of  workings  in  mines  P 

Qive  fome  examples,  with  sketches,  either  from  coa}  or 
metal  mines. 

10.  Describe    the  operations  of   getting  coal  in.  a  long  wall 
working,  with  iuustrations. 

11.  Give  an  aooonnt  with  some  illustrative  details  of — 

tei  A  vertical  shaft  with  wire-rope  guides  for  cages ;  or 
(5)  An  inclined  shaft  with  a  skip  road. 

12.  What  is  the  constnietion  of  the  plunger  jig^ng  madhine, 

and  how  is  it  applied  in  the  dressing  either  of   coal  or 
meoillic  ores  P 
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Seoond  Stage  or  Advasced  Examination. 

Instbuotions. 

Read  the  General  Instraotions  at  the  Head  of  the  Elementary 
paper. 

Yon  are  only  permitted  to  aUsTn^  eight  questions. 

Yon  may  select  these  from  any  part  of  the  paper. 

The  value  attached  to  each  question  is  the  same. 


21.  What  is  meant  by  the  expression  :  a  true  fisswre  vein^  and 

how  does  such  a  vein  differ  from  other  kinds  P     Give  some 
examples. 

22.  What  interruptions  are  likely  to  be  met  with  in  working 
coal  seams,  and  how  should  mines  be  laid  out  with  refer- 
ence to  such  interruptions  P 

23.  Describe,  with  sketches,  the  method  of  timbering  a  large 
level  in  which  horse  traction  is  to  be  used.  Mow  can 
wroneht  iron  be  used  instead  of  timber  for  securing  such  a 
level  ? 

24.  Describe  the  method  of  underground  haulage  by  the  endless 
chain  system,  with  details  of  the  construcfion  of  the  road- 
way and  waggons. 

25.  What  observations  are  required  in  order  to  determine  the 
mechanical  efficiency  of  the  method  employed  in  ventilating 
a  mine. 

26.  How  may  the  workiogs  on  a  large  mineral  vein  be  secured 
without  timber  ? 

27.  What  is  the  effect  of  fire-damp  upon  the  flame  of  a  safety 
lamp,  and  what  other  methods  of  testing  the  air  of  mines 
for  inflammable  gas  have  been  proposed  r 

28.  What  are  the  principal  methods  in  use  of  signalling  from 
the  bottom  of  a  deep  mine  to  the  surface,  and  of  indicating 
the  position  of  the  cag^  or  skip  in  the  shaft  P 

29.  How  are  the  surveys  of  mines  made  and  plotted  ? 

30.  Describe  the  lime-cartridge  method  of  breaking  down  coal. 

31.  How  is  compressed  air  obtained  for  use  underground  ? 

32.  Describe  the  process  of  dressing  tin-stuff  for  black  tin. 
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Honours  ISzamination. 

Instkuctions. 

I 

Bead  ihe  General  Instructions  at  the  head  of  the  Elementary 
paper. 

Ton  are  only  permitted  to  aUempt  s%a  questions. 

These  you  may  select  from  any  part  of  the  paper. 

The  value  attached  to  each  question  is  the  same. 


41.  Qive  an  account  of  the  North  Staffordshire  coalfield. 

ffi.  Give  an  account  of  the  principal  European  lead  mining 
districts. 

43.  DsBcrihe  a  method   of  putting  down    a    shaft  through  a 

quicksand  without  the  use  of  pumps. 

44.  Descrihe  two  forms  of  centrifugal  yentilalors  suitable  for 
ooUieiries^  giting  details  of  construction  and  oi  their 
maohanica]  efficiency. 

45.  How  has  electricity  been  applied  to  tnderground  haulage  f 

46.  Describe  the  construction  of  a  pumping  engine  driyen  by 
the  pressure  of  a  column  of  water. 

47.  CKve  an  account  of  the  plant  and  machinery  required  for 
drivioff  a  pair  of  rook  drills  by  compressed  air  at  a  coki- 
siderable  distance  from  the  source  of  power. 

48.  Dtoscribe  and  discuss  the  principal  machines  used  for 
grinding  minerals  before  or  during  the  processes  of 
dressing. 


SUBJECT  XDL     KETALLUBGY. 

ExAimrttE,  PROFESSOR  W.  CHANDLER  ROBERTS- 
AUSTEN,  P.R.S. 


Qbnsbal  Inbtbuctions. 
If  the  rules  are  not  attended  to,  the  paper  will  be  cancelled. 

You  may  take  the  Elementary,  or  the  Advanced,  or  the 
Honours  paper,  bat  you  must  confine  yourself  to  one  of  them. 

Put  the  number  of  the  questioxL  and  of  the  section  before  your 
answer. 

(4598)  a 
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Yoa  are  to  confine  jonr  answers  strictly  to  the  questions 
proposed  ;  answers  extending  beyond  the  scope  of  the  questions 
are  disregarded  hj  the  Examiner. 

Your  name  is  not  given  to  the  Examiner,  and  you  are 
forbidden  to  write  to  him  about  your  answers. 

The  examination  in  this  subject  lasts  for  three  hours. 


nmt  stage  or  Blementary  Xxamlntttion. 

Instructions. 

You  are  not  to  attempt  more  than  six  questions  in  this  paper. 

,The  value  attached  to  each  question  is  the  same. 

For  a  pass  in  the  Elementary  stage  the  student  will  only  be 
expected  to  answer  questions  in  ttoo  of  the  following  four 
sections.  At  least  two  questions  must,  however,  be  taken  from 
Section  I. 

For  aFiasT  Class  in  the  Elementary  stage  the  candidate  must 
answer  questions  in  three  sections.  At  least  two  questions  must 
be  taken  from  Section  I. 


SlOTIOM  I. 

1.  What  is  the  effect  of  "rolling'*  and  of  "wire-drawing'*  on 
the  density  of  metals  ? 

2.  GKve  an  instance  in  which  one  metal  may  be  separated  from 
another  by  crystallization. 

3.  What  materials  containing  much  silica  are  used  to  resist 
high  temperatures  in  metallurgical  appliances  ? 

4.  Draw  a  vertical  section  of  an  ordinary  beehive  coke  oven, 
or  of  any  coke  oven  you  may  have  seen  in  use. 

Skction  •  II. 

5.  Iron  ore,  coke,  and  flux,  are  charged  into  the  top  of  a  blast 
furnace,  and  pig-iron  is  tapped  out  from  the  base  of  the 
furnace.  Explain'  how  the  carbon  acts  on  the  ore  so  as  to 
render  this  result  possible. 

6.  Describe  the  physical  properti^  of  "  pig-iron,"  "  malleable 
iron,"  and  "  stei^"  and  show  to  what  industrial  uses  each 
of  them  is  specially  applicable. 

7.  Describe  the  operation  of  puddling,  and  state  how  it  removes 

carbon  from  pig-iron. 

8.  State  why  at  the  conclusion  of  the  *'  blow  "  in  the  Bessemer 
process,  Spiegeleisen  is  added. 
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Skction  ni. 

9.  How  would  jou  extract,  by  a  fnmaoe  method,  Ohfi  precioiMi 
metal  from  quartz  containing  gold  ? 

10.  An  alloj  contains  20  per  cent,  of  gold  and  80  per  cent,  of 

silver.     How  wonld  yon  separate  the  two  metals  ? 

11.  What  is  the  action  of  chlorine  gas  on  melted  gold,  atid 

on  melted  silver  respectivelj  ? 

12.  How  wonld  yon  remove  silver  from  mercury?     Show  by 
a  sk^h  the  apparatus  you  wonld  use. 

Seohok  IV. 

13.  In  smelting  impure  lead  ores  by  the  Cornish  process,  iron  is 
added ;  whiftt  is  its  action  ? 

14.  What  use  is  made  of  oxidized  ores  in  the  Welsh  process  of 
copper  smelting  ? 

15.  State  the  compositions  of  the  principal  ores  of  copper. 

16.  What  reactions  take  place  when  oxide  of  copper  is  strongly 
heated  with  sulphide  of  iron  and  silica  P 

17.  Describe  the  Belgian  process  for  the  extraction  of  zinc  from 
its  ores. 


Beoond  Stage  or  ▲dvanced  Sxaminatioiu 

Instructions. 

Read  the  General  Instructions  at  the  head  of  the  Elementary 
paper. 

Yon  are  not  to  attempt  more  than  iix  questions  in  this  paper. 

The  value  attached  to  each  question  is  the  same. 

For  a  pass  in  this  stage  the  student  will  only  be  expected  to 
answer  questions  in  two  of  the  following  four  sections  ;  at  least 
hoo  questions  must,  however,  be  taken  &om  Section  I. 

For  a  First  Glass  in  this  stage  the  candidate  must  answer 
questions  in  three  sections ;  at  least  two  questions  must  be  taken 
^m  Section  I. 


SSGTION  I. 

21.  Give  four  instances  of  the  influence  of  small  quantities 
of  impurity  on  the  physical  properties  of  metals. 

22.  Explain  folly  the  action  of  carbon  in  the  reduction  of  oxides 
of  metals  to  the  metallic  state. 

23.  What  substances  would  you  add  to  fluxes  with  a  view  to 

increase  the  fusibility  of  slags  ? 

24.  Name  the  six  specimens  submitted  to  you. 

H  2 
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Sbctiok  II. 

fi5.  The  oxides  of  iron  of  metallqrgioftl  importaaoe  aro  feit^iis 
oxide  (FeO),  ferric  oxide  (FeiOi),  and  magnetic  oxide 
(Fefi^.  State  what  yon  know  concerning  their  reepegtiF^ 
nses. 

26.  The  waste  gases  from  a  blast  fnmace  used  for  smelting  iroii 
are  combustible  ;  account  for  this. 

27.  The  presence  of  manganese  in  an  iron  ore  is  advantageous. 
What  are  the  reasons  for  this  fact  P  # 

28.  Distinguish  between  " white,"  "grey,"  and  "mottled"  pig- 
iron.  Why  is  ''  white  "  pig-iron  more  suitable  for  the  diy 
puddling  process  than  the  "  grey  "  pig-iron. 

Sbction  III. 

29.  How  would  you  remoye  the  silver  from  an  electro-plated 
article,  so  as  to  recover  the  precious  metal  ? 

30.  Describe  any  method  for  toughening  brittle  gold. 

31.  How  would  you  reduce  chloride  of  ailrer  to  the  m^Uic 
state? 

32.  Describe  fully  the  method  of  preparing  chemically  pure 
gold. 

Section  IV. 

33.  How  would  you  obtain  a  f  asible  slag  when  smeH^g,  in  the 
blast  furnace,  lead  and  copper  ores  rich  in  sine  P 

34.  How  would  you  convert  "coarse  metal"  into  "white 
metal "  in  the  Welsh  method  of  copper  smelting  ?  Describe 
the  method  of  refining  copper,  and  give  a  sketch  of  the 
furnace. 

35.  Lead  after  desilverisation  by  the  aid  of  zinc  still  retains 
some  of  this  metal.  How  would  you  propose  to  remove  the 
zinc  P 

86.  A  tin  ore  is  found  to  contain  Wolfram.  What  alteration  in 
the  ordinary  process  for  smelting  the  ores  would  its  presenoQ^ 
render  necessary  P 


Honours  Examination. 

Inbtbuctioks. 

.  Bead  the  General  Instructions  at  the  head  of  the  Elementary 
paper. 

You  are  not  to  attempt  more  than  eight  questions,  and  in 
these  No.  51  must  be  incmded. 

The  value  attached  to  each  question  is  the  same. 
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40.  0iv6  a  general  classification  of  fuels  based  on  the  amount  of 
"free*  or  '^disposable"  hydrogen  they  contain,  and  state 
what  would  probably  be  the  distinguishing  characteristics 
of  a  fuel  haying  the  following  constituents : — 

Carbon  82*5 

Hydrogen       5*4 

Oxygen  and  Nitrogen  ...        12*1 

100-0 


Calculate  its  calorific  value. 

41.  Under  what  circumstances  as  regards  fuel,  labour,  and  fire«- 
resisting  materials,  would  you  employ  respectively  the  blast 
furnace  and  reverberatory  methods  of  treatment  in  the  case 
either  of  lead  ores,  or  of  copper  ores  ? 

42.  Lead  produced  from  mixed  ores  is  foand  to  contain  anti- 
mony, tin,  copper,  and  iron.  Describe  the  process  of  puri- 
fication, and  state  at  what  stages  these  different  metals  are 
eliminated. 

4S.  What  methods  may  be  adopted  for  treating  the  "  scum  ** 
which   rises  to  the  surface  of  a  bath  of  lead  after  the^ 
dezincification  of  the  metal  by  the  Corduri6  process  ? 

44.  The  ''tailings*'  from  pan  amalgamators  are  found  to  be 
rich  in  the  precious  metals.  How  would  you  treat  these 
"tailings"? 

45.  How  would  you  extract  gold  and  antimony  from  an 
auriferous  stibnite  ? 

46.  In  what  manner  would  you  treat  a  speise  of  copper,  nickel, 
and  cobalt,  with  a  view  to  extract  these  metals  P 

47.  The  copper  ores  of  the  Mediterranean  coasts  are  frequently 
accompanied  by  considerable  quantities  of  arsenical  com- 
pounds.    How  would  you  treat  such  oi-es  ? 

48.  Ingot  iron  prodaced  by  the  Bessemer  process    contains 

"  blow  holes."  In  what  portion  of  the  ingot  are  these  most 
abundant  P  How  do  you  account  for  their  presence,  and 
by  what  means  can  their  formation  be  avoided  P 

49.  Distinguish  between  the  nature  of  the  charge,  and  the  tem- 
peratue  and  pressure  of  the  blast,  when  iron  ore  is  smelted 
with  a  view  to  the  production  of  "  white  "  or  "  grey"  pig- 
iron  respectively. 

50.  Describe,  with  the  aid  of  sketches,  the  arrangements  re- 
cently proposed  for  distributing  the  gas  and  air  in  a 
Siemens'  regenerative  furnace. 

51.  Name  and  describe  briefly  the  six  specimens  submitted 
to  you. 
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SUBJECT  XrXP'   FRiLCTICAL  HETALLIJROT. 

Practical  Examikatiov. 

EiAMiNiB,  PROFESSOR  W.  CHANDLER  ROBERTS- 
AUSTEN,  P.R.S. 

IfutrucHoru  to  Oandidatea. 
Works  on  Metallurgy  may  be  used. 


Abundant  samples  are  sent  in  each  case ;  the  amount  to  be 
actually  nsed  is  left  to  the  candidate's  discretion. 


Klementary  Stage, 
Three  hours  are  allowed  for  this  examination. 


1.  The  candidate  is  required  to  form,  by  a  dry  process,  sulphide 

of  lead  from  some  of  the  sulphur  and  Icffiid  given  to  him. 
He  must  describe  the  physical  character  of  the  product  he 
obtains,  and  deduce  its  chemical  composition  from  the 
increase  in  weight  of  the  lead  used. 

2.  The  sample  is  oxide  of  copper,  a  portion  of  which  the  candi- 

date is  required  to  reduce  to  the  metallic  state  by  charcoal 
powder. 

Note, — The  candidate  must  place  the  number  of  his 
examination  paper  on  the  products  he  obtains,  and  hand 
them  to  the  Superintendents  of  the  examination,  to  be 
returned  to  the  Department  for  examination. 
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SUBJECT  XI^.    FRiLCTICAL  HETALLUBOT. 

Pbactical  Examination. 

BxAMiNBR,  PROFESSOR  W.  CHANDLER  ROBERTS- 
AUSTEN,  F.R.S. 

Ifutructiofu  to  Oandidaiee. 
Works  on  Metallnrgy  may  be  used. 


Abundant  samples  are  sent  in  each  case ;  the  amount  to  bo 
actually  nsed  is  \elt  to  the  candidate's  discretion. 


Advanced  Stage. 

Foar  hours  are  allowed  for  this  examination. 


1.  The  candidate  is  required  to  describe  the  ore  of  mercury 

given  to  him,  and  he  is  to  determine,  experimentally,  the 
percentage  of  mercury  it  contains. 

2.  The  candidate  is  required  to  reduce  oxide  of  copper  by  sul- 

phide of  copper.  He  is  t<o  ascertain  the  nature  of  the 
materials  supplied  to  him  for  this  purpose,  and  he  is  to 
state  what  r^ustion  takes  place  in  conducting  the  operation. 

Note. — The  candidate  must  place  the  number  of  his 
examination  paper  on  the  product  he  obtains  in  the  second 
question^  and  hand  it  to  the  Superintendents  of  the  exami- 
nation, to  be  returned  to  the  Department  for  examination. 
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Honours. 

Eight  honrs  are  allowed  for  this  ezamination. 

1.  The  sample  is  pig  iron ;  the  candidate  is  reqaired  to  detei^ 

mine  the  amount  of  silioon  and  graphite  it  contains.     He  ia 
to  describe  briefly  the  method  nsed. 

2.  The  sample  is  a  variety  of  brass ;  the  candidate  is  required  to 

f'.etermine  the  amoants  of  zinc  and  of  lead  present.     He  is  to 
describe  briefly  the  method  he  employs. 

Note. — After  weighing  the  substjances  he  obtains,  the 
candidate  is  to  place  the  namber  of  his  ezamination  paper 
on  them,  and  hand  them  to  the  Superintendents  of  the 
examination,  to  be  returned  to  the  Department  for  exami- 
nation. 


SUBJECT  XX.    NAViaATION. 

ExAMiNKE,  JOSEPH  WOOLLEY,  Esq.,  LL.D. 


General  Instructions, 
If  the  roles  are  not  attended  to,  the  paper  will  be  caocelled. 

You  may  take  the  Elementary,  or  the  Advanced,  or  the 
Honoars  paper,  bat  you  must  confine  yourself  to  one  of  them. 

In  all  cases  the  number  of  the  question  must  be  placed  before 
the  answer  on  the  worked  paper. 

The  value  attached  to  each  qnestion  is  shown  in  brackets 
after  the  question.  But  a  full  and  correct  answer  to  an  easy 
question  will  in  all  cases  secure  a  larger  number  of  marks  than 
an  incomplete  or  inexact  answer  to  a  more  difficult  one. 

You  are  to  confine  your  answers  strictly  to  the  questions  pro- 
posed. 

Your  name  is  not  given  to  the  Examiner,  and  you  are  for- 
bidden to  write  to  him  about  your  answers. 

The  examination  in  this  subject  lasts  for  three  hours. 
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First  stage  or  Elementary  Examination. 

Instsuctiobs. 
Yon  are  onl j  permitted  to  attempt  eight  questions,  tib.,  four 
ont  of  each  of  the  sections  into  which  the  paper  is  diyidecL 


SscnoH  I. 

1.  Define   equaior,  meridians,   and   poles  of  the  earth.    Draw 

two  fignres  of  the  earth  as  it  would  be  viewed — (1)  from 
above  one  of  the  poles,  and  (2)  from  a  point  above  any 
place  on  the  eqnator.  (The  figures  should  be  eza^^gerated 
to  show  any  difference.)  On  each  figure  indicate  the 
equator,  a  meridian,  and  a  pole.  (1^0 

2.  Define  nautical  disioMce.    Explain  clearly  what  the  Bhumb 

Curve  is,  and  why  it  is  of  importance  in  Navigation. 

(121.) 

3.  Draw  a  compass  card,  dividing  one  quadrant  into  angles  of 

four  points ;  the  second  quadrant  into  angles  of  two  points ; 
the  third  into  angles  of  22°  30' ;  and  the  fourth  into  angles 
of  IV*  15^  Name  onlj^  these  last  divisions.  Define  varia- 
tion and  deviation  of  the  compass.  (1^0 

4.  Prove  the  formula — Dep.=diff.  long,  x  cos.  lat.  What  do  you 

understand  by  middle  latitude  sailing  f  (l^O 

&.  Describe  the  construction  of  the  ordinary  instrument  for 
finding  the  rate  of  a  ship  in  sailing;  What  is  the  use  of 
heaving  the  lead?  How  is  the  nature  of  the  sea-bottom 
ascertained  ?  (12^0 

6.  What  do  you  mean  by  resolving  a  traverse  P  Show  how  you 
can  do  this  without  the  aid  of  the  Traverse  Table.  What 
is  the  use  of  the  Traverse  Table?  Explain  why  it  is 
necessary  only  to  compute  the  table  up  to  four  points. 

(12f^ 


Skction  II. 

7.  A  ship  sails  S.E  by  S.  from  a  place  in  latitude  43''  3(K  N.  for 

85  miles.     Find  the  latitude  in.  (8.) 

8.  A  ship  in  latitude  hV  29'  N.  and  longitude  30**  20'  W.  sails 

due  east  for  10  hours  at  the  rat>)  of  6  miles  an  hour.     Find 
her  longitude  in.  (8.) 

9.  Find  by  middle  latitude  sailing  the  true  course  and  distance 

from  A  to  B,  given — 

Latitude.  Longitude. 

A 32^  10'  S.        ...      120^  20'  W. 

B 40^30'S.        ...      126°  40' W. 

(10.) 
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10.  A  ship  sails  from  a  place  in  latitade  12"^  40'  S.,  longitude 
29^  30'  W.,  243  miles  on  a  compass  course,  W.S.W.  4  W. 
(yariation,  ^  pt.  W. ;  deviation,  f  pt.  W.).  Find,  bj  middle- 
latitude  method,  the  latitude  and  longitade  in.  (13.) 

11.  Find  the  compass  course  and  distance  from  Antogil  Bay 
(Madagascar)  to  St.  Denis  (Bourbon) ;  variation  15**  W., 
deviation  2*  30'  W— 

Latitude.  Longitude. 

Antogil  Bay  ...       16**    0' S.  49'*  50' B. 

•  St.  Denis        ...       2r  10' S.         ...        55**  30' E. 

(13.) 

12.  A  ship  in  latitude  30**  lO'  N.,  longitude  150"*  20'  E.  after- 

wards  sails  as  follows — 

True  Conrses.  Distances. 

E.  8' 

S.S.W.  36' 

S.R.  i  E.  58' 

N.E.  by  E.  25' 

Find  her  latitude  and  longitude  in.  (1^0 


Second  Stage  or  Advanced  Examination. 

iNttTBUCTIOKS. 

Bead  the  General  Instructions  at  the  head  of  the  Elementary 
paper. 

You  are  permitted  to  attempt,  all  or  any  of  the  questions. 

21.  Explain    clearly   between   true  difference  of   latitude    and 

meridional  difference  of  laiitude.  What  do  you  under- 
stand by  Mercator  sailing  T  State  what  is  the  advantage 
of  the  chart  used.  How  do  you  read  off  the  distance 
between  two  places  on  the  chart  ?  (25.) . 

22.  Describe  fally  the  process  of  "  swinging  the  ship."    Explain 

the  terms  induced,  suh-permanenty  permanent^  as  applied 
to  the  magnetism  of  ships.  (20.) 

23;  What  precautions  must  be  used  in  Heaving  the  log  P  Explain 
clearly  how  the  log-line  and  log-glass  must  be  adapted  to 
each  othw.     Describe  Massey's  Patent  Log  and  its  use, 

(20.) 

24.  State  the  advantages  and  objections  to  great  circle  sailing. 

Show  how  to  find  the  course  on  which  a  ship  must  start 
from  A  to  sail  along  the  shortest  distance  to  B.  Explain 
how  to  find  a  succession  of  points  on  the  great  circle 
between  the  two  places.  (25.) 

25.  Find  the  compass  course  and  distance  by  Mercator  sailing 

between  Valparaiso  (latitude  SS"  2'  S.,  longitude  71°  3y 
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W.)  and  Jnan  Fernandez  (latitude  33"  20'  S.,  longitude 
79**  W. ;  irariation  allowed,  13°  30'  E. ;  deviation  2*  30'  W. 

(15.) 

26.  Two  plaoes,  A  and  B,  are  in  the  same  latitude,  S ;  their 

longitudes  are  A  b°  30'  W.  and  B  W  30'  E. ;  their  distance 
from  each  other  is  700  miles.  Find  in  what  latitude 
they  are  situated.  Also  find  their  compass  bearings 
from  each  other,  variation  at  A  being  1^  point  W.,  and 
at  B  2i  point  W.,  deviation  of  A's  compass  being  ff*  Sff  E., 
and  of  B's,  10°  15'  W.  (25.) 

27.  Find  the  shortest  distance  between  two  places,  A  and  B, 

having  given  latitude  A  46°  40^  N.,  longitude  A  53°  3'  W., 
ktitude  B  51°  26'  N.,  longitude  B  9°  29'  W. 

Also  find  the  initial  course  on  the  great  circle  from  A  to 
B.  (30.) 

28.  January  30th,  1886,  at  noon,  Easter  Island  (latitude  27°  S., 

longitude  109°  10'  W.),  bore  by  compass  N.E.  distant 
9  miles,  ship's  head  S.  i  E.  (deviation  2^  30'  E.)  ;  after, 
wards  sailed  as  by  the  following  account.  Find  the  latitude 
and  longitude  in  on  January  31st  at  noon.  Variation 
8°  30'  E.  (40.) 


H. 

X. 

Ath.. 

CoUTMt. 

wind. 

Leeway 

Polnu. 

Remarks. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

6 
5 
6 
6 
7 
6 
6 
5 
5 
5 
4 
4 

5           S.  i  E. 

I 

6 
2 

0    1  S.  by  E.  i  E. 

8    '      W.N.W. 

W.  by  8. 
S.W. 

i 

14 

Deyiation  2**  30'  E. 
Deriation  0**  W  W. 

Derifttion  8^  IC  B. 

1 
2 
3 

i 

8 

9 

10 

11 

12 

4 
4 
4 
4 
6 
5 
6 
6 
6 
7 
7 
7 

8 
6 
5 
2 
2 
8 
8 
2 
2 
5 
6 
0 

S.W.byWfW. 
S.E.  k  £. 

8. 
W.S.W. 

i 

0 

Deriation  2°  20^  W. 
DeTiation  r  2(/  E. 
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Honoom  EzaminatioxL 

Instructions. 

Bead  the  Odneral  Instrnctiona  at  the  head  of  the  Blementarj 
paper. 

Yon  are  pemiitted  to  attmnpi  M  or  anj  of  the  questions. 


41.  What  is  the  nse  of  the  Tahleof  MeridionAl  Parts  P  Bxplam 

how  the  meridional  parts  for  any  point  on  the  eeath*B 
surface  maj  he  calculated.  Given  the  meridioni^  parts 
for  75°  5'  (=:6989'71).  Find  hj  an  approximate  method 
the  meridional  parts  for  Td""  10\  (50.) 

42.  A  ship  sails  E.  hy  S.  hy  compass  from  A  to  B,  9  miles.    At 

A  the  compass  hearing  of  a  rock,  R,  is  E.N.E.  and  of  a 
headland,  H,  E.  hy  N.  At  B  the  compass  hearing  of 
R  is  ST.  hy  W.,  and  of  H,  N.N.B.  Find  the  magnetic 
hearing  of  the  rock  from  the  headland.  Variation  1\  point 
W. ;  deviation  ^  point  B.  (50.) 

43.  Explain  clearly  what  you  mean  by  eo-efftcients  in  formulae 

embodying  physical  properties  as  exemplified  in  compass 
deviation  formnl».  Describe  how  they  are  determined. 
8how  what  is  the  effect  on  the  deviation  of  the  compass 
when  an  iron  ship  is  not  sailing  on  an  even  beam.  (50.) 

44.  Describe  generally  the  hurricanes  of   the    West    Indies. 

Explain  clearly  why  the  wind  veers  as  a  oin^nlar  storm 
passes  over  a  ship  hove  to.  When  a  ship  is  hove  to  within 
the  area  of  a  circular  storm  give  a  short  rule  for  finding  in 
what  parts  of  the  storm  she  is,  from  observing  how  the 
wind  is  veering.  (40.) 

45.  A  ship  starts  from  A  on  the  course  K  64°  12^  E.  and  sails 

on  a  great  circle  to  B ;  she  increases  her  distance  from  the 
equator  till  she  gets  into  longitude  19°  26'  30"  W.  on  ike 
parallel  of  51°  50'  80''  N.,  and  then  diminishes  it.  Find 
the  latitude  and  longitude  of  A  and  B,  their  difference  of 
longitude  being  43°  34'.  (40.) 

46.  In  fixing  positions  in  surveying,  what  is  the   Three-poinif^ 

Problem?    What  conditions  ought  to   be  looked  for  in 
selecting  the  objects  ? 
What  is  the  danger  angle  f    Explain  with  a  figure  how  it  iS' 
used  so  that  the  danger  indicated  may  be  avoided. 

(40.> 

47.  Describe  the  theodolite,  indicating  clearly  its  principal  parttf 

and  describing  the  several  motions  of  the  instrument. 

(80.) 
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48.  GoDstract  a  Mercator'aebart,  on.  the  scale  of  1*8  inck  to  a 
deme  of  longitade  extending  from  latitude  71°  30'  N.  to 
78*  N.,  and  longitnde  56*  W.  to  68  W.,  taking  ont  the 
meridional  parts  and  drawing  the  parallels  for  eveiy  30'. 
Laj  down  a  rock*  A,  in  latitude  72r  W  N.,  longitude 
56°  5'  W.,  and  the  track  and  final  position,  B»  of  a  ship 
which  sails  from  i^is  point  34'  N.  by  compass.  Variation 
75""  W. ;  deyiation  10^  20"  E.  Take  off  the  latitude  and 
ian^tude  in  and  sfcate  the  magnetic  bearing  of  A  from  B. 

(80.) 


SUBJECT  ZZI.    NAUTICAL  ASTBONOMT. 

ExAMiNiB,  JOSEPH  WOOLLET,  Esq.,  LL.D, 


OlNXXAL  IvSTBUCnOHS. 

<    If  the  nileB  sfe  not  attended  to,  the  paper  will  be  cancelled. 

You  may  take  the  Elementary,   or  the  Advanced,  or  the 
Honours  paper,  but  you  must  confGae  yourself  to  one  of  them. 

Put  the  number  of  the  question  before  your  answer. 

^  The  Tslue  attached  to  each  question  is  shown  in  brackets  after 
the  question.  But  a  full  and  correct  answer  to  an  easy  question 
will  in  all  oases  secure  a  larger  number  of  marks  tLan  an  in- 
complete or  inexact  answer  to  a  more  difficult  one. 

Ton  are  to  confine  your  answers  9trictly  to  the  questions  pro- 
posed. 

Tour  name  is  not  given  to  the  Examiner,  and  yon  are  forbidden 
to  write  to  him  about  your  answers. 

.  Th$  ezaminaUon  tn  ^ia  subject  laah  for  three  houre. 


First  Stage  or  Elementaiy  KxaminatioxL 

Ton  are  only  permitted  to  attempt  eight  questions,  viz.,  four 
oat  of  each  of  the  sections  into  which  the  paper  is  divided. 
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Section  1. 

1.  Define  polar  distance,  prime  vertical,  equmoctiai  points,  altitude 

andagimuth  of  a  heavenly  body.  Draw  diagrams  ezplaming 
these  definitions.  (1^0 

2.  What  do  joa  mean  hj   Oreenwich  date?     Explain  clearlj 

how  to  find  the  Greenwich  date,  having  given  the  apparent 
solar  time  at  a  place  of  known  longitude.  Why  is  this 
problem  important  ?  (12^-) 

3.  Draw  a  sketch  of  a  sextant  sufficient  to  show  clearly  the 

course  of  two  rays,  one  from  the  horizon,  the  other  f^m  a 
star,  meeting  in  &e  observer's  eye.  Supposing  the  altitude 
of  the  star  40"*,  what  would  be  the  actual  angle  between 
the  planes  of  the  two  mirrors  P  What  would  be  the  reading 
of  the  graduation  on  the  arc  supposing  there  is  no  index- 
error  ?  (12i.) 

4.  In  what  part  of  the  heavens  is  the  correction  for  refraction 

greatest,  and  why  ?  Draw  a  figure  and  explain  by  it  what 
is  meant  by  the  dip.  Show  why  there  is  no  correction  for 
dip  in  an  observation  by  the  artificial  horizon.         (12^*) 

5.  Define  amplitude  of  a  Jieavenly  body.    Prove  the  rule  for  finding 

the  variation  of  the  compass  by  amplitude  of  the  sun. 

6.  Investigate  the  method  of  finding  the  longitude  by  the 

chronometer,  the  sun  being  the  observed  body.        (I2i.) 


Section  11. 

7.  July  7th,   1886,  at  a  place  in  longitude  25*  Sff  W.,  the 

observed  meridian  altitude  of  the  sun*s  L.L.  was  50*  SO'  20" 
(zenith  N.  of  the  sun.)  Index  corr.  +  S'  V  ;  height  of  the 
eye  27  feet.     Required  the  latitude.  (8.) 

8.  March  21st,  1886,  at  a  place  in  longitude  84*  E.,  the  observed 

meridian  altitude  of  the  sun's  Upper  Umb  was  66!*  32' 
(zenith  S.  of  the  sun.)  Index  corr.  0 ;  dip  4'  24".  Required 
the  latitude.  (8.) 

9.  Find  the  true  bearing  of  the  sun  from  the  following : — On 

July  8ch,  1886,  at  5  A.M.,  nearly  in  Lititude  50"  42'  N., 
and  longitude  95*  W.,  the  apparent  altitude  of  sun's  centre 
was  18*  20'  30".  (10.) 

10.  July  11th,  1886,  at  8^  42"  P.M.,  mean  time  nearly,  in  lati- 
tude 58*  35'  N.,  and  longitude  1*  E.^  the  sun  set  by  compass 
N.,  24*  10'  W.,  deviation  3*  20'  E.     Find  the  variation. 

(10.)     . 

11.  September  20th,  1886,  at  4^  15>>^  P.M.,  mean  time  nearly,  in 
latitude  56*  50'  N.,  and  longitude  by  account  103°  15'  W., 
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when  a  cbronometer  showed  11^  30*"  50*,  the  obserydd  alti- 
tude of  the  Bim's  L.L.  was  11°  5'  30" ;  index  oorr.  -2'  40" ; 
heu^ht  of  the  eye  above  sea  30  feet. 

On  September  10th  the  chronometer  was  fast  on  6.M.T., 
0*  29*,  and  its  daily  rate  was  5'5*  losing. 

Beqnired  the  longitnde.  (l^*) 

12.  Marcli  12th,  1886»  at  10^  A.M.,  mean  time  nearly  in  latitude 
bQ""  50'  N.,  and  longitnde  2°  30'  W.,  when  a  chronometer 
showed  lO'^  18"^  12",  the  observed  altitude  of  the  sun's  Ii.L. 
was  66°  30'  20"  (in  artificial  horizon)  ;  index  corr.  +  2'0". 
Bequired  the  error  of  the  chronometer  on  G.M.T. 

(16.) 


Seoond  Stage  or  Advanced  Ezaminatlon. 

Instructions. 

Read  the  (General  Instructions  at  the  head  of  the  Elementary 
paper. 

Yon  are  permitted  to  attempt  all  or  iany  of  the  questions. 


21.  Explain  the  terms  horizontal  parallax  and  parallaa  in  aUUude. 
Asismning  the  formula  parallax  in  alt.  s  bor.  par.  x  cos. 
appt.  alt.     (Corrected  for  refraction.) 

Calculate  tbe  true  altitude  of  the  moon's  centre,  haying 
given  apparent  altitude  of  moon's  centre  =  40°  20'  30"  and 
horizontal  parallax  55°  39"'.  (20.) 

22.  Investigate  the'  rule  for  finding  at  what  time  a  given 

heavexdy  body  will  pass  a  given  meridian.     Of  what  prac- 
tical  use  is  this  problem  at  sea  ? 

At  a  place  due  south  of  Greenwich  two  bright  stars  are 
near  the  meridian  on  July  9th,  about  9^  12°^  P.M.  mean 
time,  one  in  the  southern  and  the  other  in  the  northern 
hemisphere ;  which  are  the  stars  P  (20.) 

23.  Define  angular  distance  of  two  stars.  State  clearly  what 
you  understand  by  the  celestial  concave.  Explain  rational 
horizon  and  sensible  horizon^  dip  of  the  horizon,  (1^0 

24.  Investigate  a  method  of  finding  the  latitude  by  "  reduction 
to  the  meridian."  (20.) 

25.  October  15th,  1886,  in  latitude  by  account  53°  20'  N.,  and 
longitude  50°  E.,  a  double  altitude  of  the  sun  was  observed 
at  an  interval  according  to  the  chronometer  of  1^  34"^  42*. 

Masn  time  nearly  Obe.  alt.  San*s  L.L.  Bearingi. 

9^  45-  A.M.  25°  45'  5"  S.S.E. 

ll'^  20"  A.M.  27°  31'  50"  S.b.E. 
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The  ran  of  the  ship  in  the  interval  was  8.  by  W.,  14  miles ; 
index  oorr.  +  2'  30",  height  of  the  eye  20  feet.  IHnd  the 
latitude  at  the  second  observation.  (^O 

26.  In  finding  the  longitude,  either  bj  the  chronometer  or  lunar 

distance,  show  bj  diagrams  in  what  respect  the  work  for 
determining  the  ship's  mean  time  differs  when  the  sun  and 
when  a  star  is  used. 

For  August  9th,  1886,  at  7  P.M.,  mean  time  nearly  in 
latitude  50°  20'  N.  and  longitude  by  account  10**  W. ;  take 
out  the  latitude  and  R.  A.  moon ;  and  the  time  of  the  moon's 
crossing  the  meridian.  Why  would  not  an  observed  altitude 
of  the  moon  at  this  time  be  &vourable  for  finding  ship's 
mean  time  P  (25.) 

27.  On  April  lOth,  188^,  in  longitude  35°  20'  W.  at  8^  20»  P.M. 
mean  time,  the  altitude  of  Polaris  (corrected  for  the  instru- 
ment, refraction  and  dip  of  horizon)  is  44°  8'  20".  Required 
the  latitude. 

At  this  place  what  would  be  the  altitude  of  Polaris  at  its 
upper  and  lower  culminations  ? 

Draw  a  figure  on  the  plane  of  the  Equator,  putting  in  the 
meridian,  pole,  senith,  mean  sun,  and  First  point  of  Aries. 

(30.) 

28.  July  7th,  1886,  in  the  afternoon  when  chronometer  showed 
S''  3""  15«  (error  14"  12*  fast)  in  latitude  54°  42'  W.,  longitude 
0°  35'  W.,  the  bearing  of  the  sun  was  observed  to  be 
S.  86°  20'  W. ;  deviation  8°  0'  W,    Find  the  variation. 

(30.) 


HononrB  ExaminatioiL 

Instructions, 


Read  the  Oeneral  Instructions  at  the  head  of  the  Elementary 
paper. 
Tou  are  permitted  to  attempt  all  or  any  of  the  questions* 


41.  How  is  the  mendia/n  dutance  between  two  places  measured? 

Distinguish   between  primary    and   secondary  meridians. 

Describe  two  methods  of  determining  meridian  distances. 

What  do  you  mean  by  sea^rate.      Compute  the  meridian 

distance  between  Le  Have  and  Prospect. 

Sept.  4th  Chronometer  ^t  on  Le  Have  mean  time  5^  35^  26'7 

„      5th  „  „        Prospect  „         5»»  33"  13-47 

„    lOth  „  „        Prospect  „         5»  3d- 2725 

„    11th  „  „        LeHave  „         5«»36»45-33 

(50.) 
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42.  Prove  that 

Error  in  honr  angle :  error  in  altitude : :  sec.lat. :  sin.  azimnth. 
Find  the  error  in  the  hoar  angle  oorresponding  to  an  error 
of  1'  30"  itx  the  altitude  at  a  place  in  latitude  20°  lO'N. 
—(1)  when  the  bearing  of  the  body  is  S.S.E.,  and  (2) 
when  it  is  due  E.  (50.) 

43.  Draw  a  diagram  showing  the  relatiye  positions  of  the  earth 
moon,  and  sun  on  the  days  referred  to  in  pages  476-477  of 
the  Nautical  Almanac.  Explain  the  following  terms: — 
superior  tide^  high  Ude^  aprvng  tide^  height  of  Hde. 

In  making  a  survey  of  a  harbour,  mention  the  elements 
for  a  time  table  that  must  be  observed.  (^0.) 

44.  At  a  place  on  the  meridian  of  Ghreenwich  in  latitude  60°  30' 
it  is  observed  that  the  interval  being  the  sun's  centre  being 
on  the  prime  vertical  and  on  the  horizon  is  3^  30"^  48'. 
Find  the  sun's  declination.  If  the  latitude  is  north,  what 
is  the  day  of  observation  ?  and  what  if  the  latitude  is  south  ? 
Draw  figures  for  the  two  days.  (^^0 

45.  Investigate  the  method  of  clearing  lunar  distance  by  the 
common  logarithmic  tables.  Find  the  true  distance  of  the 
moon  from  the  sun  by  the  common  logarithmic  tables  only, 
having  given 

Sun.  Moon. 

Apparent  altitude  17°  39'  30"        24°  13'  45" 

True  zenith  distance  72°  23'  15"         74**  56'  45" 

Apparent  distance  of  centres  111°  20'  45"  (50.) 

46.  Define  mean  solar  time  and  sidereal  time,  with  diagrams. 
Explain  clearly  the  meaning  of  acceleraMon  of  sidereal  on 
mean  solar  time  and  retardation  of  msan  solo,r  on  sidereal 
Ume. 

1£  an  interval  of  duration  expressed  in  mean  solar  time 
be  M,  and  expressed  in  sidereal  time  be  S,  show  that 
M  +  -002788  M  =  S ;  S  -  -002731  S  =  M. 

In  what  problems  in  Navigation  are  the  tables  calculated 
from  these  f ormulea  used  ?     Where  do  you  find  the  tables  ? 

Given  the  sidereal  time  at  any  instant,  explain  with  a  figure 
how  to  find  the  mean  time  at  the  same  instant.  (50.) 

47.  Enlain  with  the  aid  of  a  diagram  the  phases  of  the  moon. 

Define  lunaiion^  age  of  moon,  and  wact.  Give  the  epact 
for  1886,  and  hence  find  that  for  1883. 

Define  m^oon-cidminaHng  stars^  and  describe  the  use  of  the 
table  given  in  the  Nautical  Almanac.  (50.) 

48.  Given  the  elapsed  time  and  change  of  declination  in  the 
interval,  investigate  an  expression  for  the  equation  of  equal 
altitudes.  (50.) 


(4598)  ^ 
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strBjEcr  xxn.  steam. 

Examinee,  PROFESSOR  GOODEVE,  M.A. 


GiNBBAL  iNSTSUCnONa. 

If  the  rules  are  not  attended  to,  the  paper  will  h%  canedled. 

You  may  take  the  Elementarj',  or  the  Adyaaoed,  or  the 
Sonours  pai)er,  bat  joa  must  oonfiue  yourself  to  one  of  them. 

Put  the  number  of  the  question  before  your  answer. 

You  are  to  confine  your  answers  itnMy  to  the  questious  pro- 
posed. 

Your  name  is  not  given  to  the  Examiner,  and  you  are  f  or;- 
bidden  to  write  to  him  about  yonr  answers. 

The  examincMo^i  in  thia  itthfect  Icutsfor  three  houre. 


First  Stage  or  Klementary  Examination. 

Instbuctiohs. 
You  ai*e  not  permitted  to  (litemj^t  more  than  five  questions. 
The  value  attached  to  each  question  is  shown  in  bradceta 
after  the  question. 

1.  In  improving  the  old  atmospheric  engine  Watt  laid  down 

the  rule  that  the  cylinder  in  which  the  steam  did  its  work 
should  be  kept  as  hot  as  the  steam  which  entered  it. 
What  special  provisions  did  he  make  for  carrying  out  this 
rule  ?  Explain  your  answer  by  referring  to  such  sketches 
as  may  be  required.  (20.) 

2.  Name  the  three  principal  valves  connected  with  the  steam 

cylinder  of  a  single-acting  pumping  engine.  State  which 
are  opened  and  which  closed — (1)  when  the  piston  is  at 
the  top  of  the  cylinder  and  beginning  to  descend ;  (2)  when 
the  piston  is  at  the  bottom  of  the  cylinder  and  beginning 
to  ascend.  (15.) 

3.  To  what  causes  do  you  attribute  the  imperfect  vacuum  in 

the  condenser  of  a  steam  engine  ?  Describe  the  barometer 
gauge  for  a  condensert  and  explain  its  action.  (15.) 

4.  Sketch  in  section  a  long  D  slide  valve  together  with  the 

steam  ports  and  passages.  Explain  the  action  of  the  valve, 
and  show  the  manner  in  which  the  exhaust  steam  is  passed 
to  the  condenser.  (i5.) 
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5.  The  barrel  of  a  single-acting  air  pump  being  vertical,  dtetAh 

a  aeoiion  through  it,  showing  the  bnoket  or  piston  with 
meCailio  ring  packings,  and  an  indiambber  valve  and 
guard,  also  show  the  gland  and  packing  of  the  pnmp  rod. 
Sketch  also  the  foot  and  deHverjr  valves,  and  &ow  their 
position  and  connection  with  the  barrel  of  the  pnmp.  (25.) 

6.  Kxpjain  the  manner  in  which  the  reciprocating  motion  of 

the  piston  in  a  locomotive  engine  is  converted  into  the 
rotatorv  motion  of  the  crank  shaft.  What  are  the  dead 
points  r  Show  by  the  principle  of  work  that  there  is  no 
1068  of  power  hy  the  intervention  of  the  crank,  frictios 
being  disregarded.  O^O 

7.  Sketch  a  section  throngh  a  Cornish  doable-beat  or  Crowm 

valve,  and  explain  the  principle  of  its  construction,  stating 
Hs  advantages  over  an  ordinary  disc  valve.  (15.) 

8.  Explain  the  advantage  of  working  steam  expansivelv  and 

with  condensation.  Steam  is  admitted  into  a  cylinder  at 
30  Ibe.  above  the  atmosphere,  which  is  taken  at  15  lbs. 
per  square  inch,  and  is  out  off  at  a  certain  point  and  then 
ezpaads  to  a  pressure  of  5  lbs.  below  the  atmosphere.  If 
the  lenfl;th  of  stroke  be  4^  feet,  at  what  point  is  the  steam 
cutofE?  (20.) 

9.  Sketch  a  section  through  the  fire  box  of  a  locomotive  boiler, 

showing  particularly  ike  method  of  supporting  the  flat 
surfaces.  (15.) 

10.  Sketch  a  sectional  elevation  of  a  vertical  direct-acting 
engine.  In  such  an  enc^e  where  would  you  place  the 
condenser  and  air  pump  r  (20.) 

11.  Describe  the  construction  of  an  eccentric  for  working  the 

slide  valve  of  an  engine,  and  show  that  it  gives  the  same 
motion  as  a  crank  and  connecting  rod.  (15.) 

12.  Sketch  the  crank  shaft  end  of  the  connecting  rod  of  a 
marine  engine,  and  describe  the  means  employed  for  lubri- 
cating the  rubbing  surfaces.  (1^0 


Second  Stage  or  Advanced  BzaxninAtioiL 

Instbuctions. 

Bead  the  General  Instructiona  at  the  head  of  the  Elementary 
paper. 

You  are  not  permitted  to  attempt  mare  than  five  questions. 
The  value  attached  to  each  question  is  shown  in  brackets  after 
the  queati(m« 

I  2 
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21.  In  a  jet  condenser  the  temperature  of  the  injection  water 
is  60^  F.,  that  of  the  water  after  condensacion  is  100°  F., 
and  the  latent  heat  of  the  steam  which  enters  the  condenser 
is  1,016  thermal  units,  the  temperature  of  the  steam  being 
then  140°  F. ;  find  the  number  of  pounds  of  injection  water 
for  each  pound  of  steam  condensed.  (^0 

22.  The  diameter  of  the  cylinder  of  an  engine  being  53  inches, 
the  stroke  5  feet,  and  the  number  of  revolutions  30  per 
minute,  find  the  mean  pressure  of  the  steam  to  develop  600 
indicated  horse-power.  (30.) 

23.  Explain  the  principle  of  the  compound  or  double-cjlinder 
engine.  Sketch  in  section  the  cylinders,  condenser,  and 
air  pump  of  a  compound  cylinder  beam  engine.  (40.) 

24.  Explain,   with  a  c^etch,  the  principle  of  Watt*s  parallel 

motion.  (30.) 

25.  Sketch  and  describe  an  escape  valve  as  fitted  to  the  cylinder 
of  a  marine  engine.  Why  is  such  a  valve  required,  and 
where  is  it  placed  ?  (30.) 

26.  Find  ihe  thickness  of  iron  plates  in  a  boiler  shell  6  feet  4 
inches  in  diameter,  for  a  prrasure  of  40  lbs.,  the  greatest 
tensile  stress  permissible  in  the  material  being  5,000  lbs. 
per  square  inch.  (35.) 

27.  Oiven  that  the  travel  of  a  slide  valve  is  5  inches,  outside 
or  steam  lap  |  inch,  and  the  angle  of  advance  22^^,  find 
graphically,  or  otherwise,  the  position  of  the  crank  at  the 
point  of  cut  off.  (40.) 

28.  Describe  and  explain,  with  sketches,  the  mechanism  of  a 
reversing  motion  for  a  locomotive  engine.  (35.) 

29.  A  motion  of  1  inch  in  the  pencil  of  an  indicator,  as 
due  to  steam  pressure,  represents  a  pressure  of  20  lbs.  on 
the  square  inch.  What  is  the  H.P.  of  an  engine,  making 
90  revolutions  per  minute,  the  diameter  of  the  piston  being 
10  inches,  the  length  of  stroke  20  inches,  the  area  of  the 
indicator  diagiac-  8  square  inches,  and  its  length  5  inches  P 

(40.) 

30.  Describe,  with  a  sectional  longitudinal  sketch,  GifEard's 
injector,  and  explain  the  manner  in  which  it  acts.  What 
are  the  advantages  of  this  apparatus  as  compared  with  an 
ordinary  feed  pump  P  (40.) 


Honours  Examination. 

Ikstettctioks. 

Bead  the  General  Instructions  at  the  head  of  the  Elementary 
paper. 

Ton  are  not  permitted  to  attempt  mare  tlian  six  questions. 

The  valae  attached  to  each  question  is  shown  in  brackets  after 
the  question. 
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41.  Describe,  with  a  sketcli,  Ramsbottom's  method  of  supplying 
the  tender  of  a  locoraotive  with  water  while  running.  In 
what  way  can  yon  estimate  beforehand  the  speed  of  the 
train  in  order  that  water  may  be  lifted  into  the  tender  P 

(50.) 

42.  An  engine  nses  10  lbs.  of  fateam  per  minute,  the  feed 
tempenU;Tire  is  60°  F.,  the  boiler  temperature  SOO""  F.,  and 
that  of  the  condenser  104^  F.  What  is  the  theoretical 
maximum  efficiency  of  the  engine  P  State  Begnault's  formula 
for  the  total  heat  of  steam  at  a  given  temperature,  and 
deduce  the  amount  of  heat  which  each  pound  of  steam 
has  received  in  the  boiler.  What  horse-power  would  be 
developed  if  the  engine  worked  as  a  perfect  engine  P 

(60.) 

43.  In  a  refrig^erating  engine,  atmospheric  air  is  compressed  and 

subsequently  cooled ;  it  is  then  allowed  to  expand  and  do 
work  whereby  its  temperature  is  greatly  reduced.  Give 
the  theory  of  the  process,  and  find  how  much  the  tempera- 
ture of  a  given  mass  of  air  is  raised  by  a  given  amount  of 
compression  in  a  vessel  impervious  to  heat.  {75.) 

44.  Explain  and  prove  the  truth  of  Peaucellier's  method  of 
obtaining  a  straight  line  motion.  Arrange  the  dimensions 
of  an  instrument  for  giving  a  straight  line  path  of  12 
inches.  (50.) 

45.  Describe  a  valve  motion  for  reversing  an  engine  where  a 
single  eccentric  is  keyed  to  the  shaft.  This  question  refers 
to  ELackworth's  valve  gear,  or  others  of  the  same  character. 

(70.) 

46.  Describe,  with,  sketches,  the  construction  and  arrangement 
of  the  cylinder,  steam  ports,  and  passages,  together  with  the 
slide  valve  of  a  marine  oscillating  engine,  and  show  the 
manner  in  which  the  valve  gear  is  adapted  to  the  oscillating 
cylinder.  (66). 

47.  Sketch  in  longitudinal  section  the  boiler  and  fire-box  of  a 
locomotive  engine.  Draw  separately  a  regulator  valve  and 
a  safety  valve,  explaining  the  action  of  each,  and  pointing 
out  any  advantages  of  construction  in  the  form  you  select. 

(65.) 

48.  Sketch  a  double-ported  slide  valve,  with  the  relief  ring  at 
the  back  of  the  valve.  Show  also  in  eection  the  ports  in 
the  cylinder  with  the  valve  in  the  position  it  would  have 
when  the  piston  is  at  the  end  of  a  stroke.  Describe  tho 
operation  of  setting  the  slide  valve  of  a  marine  engine. 

(65). 
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SUBJECT  XZm.     FHTSIOGRAFHY. 

ExAMiNXBfl,  PROFESSOR  JOHN  W.  JUDD,  F.RS^ 
AND  J.  NORMAN  LOCBnrER,  Esq.,  F.R.8. 


General  Instructions. 
If  the  roles  are  not  attended  to,  the  paper  will  be  cancelled. 

Yon  maj  take  the  Elementary,  or  the  Adranoed,  or  the 
Honours  paper,  but  yon  mnst  confine  jonrself  to  one  of  them. 

Put  the  number  of  the  question  before  yonr  answer. 

Tou  are  to  confine  your  answers  strictly  to  the  questions  pro- 
posed. 

Your  name  is  not  given  to  the  Examiners,  and  you  are  for- 
bidden to  write  to  them  about  your  answers. 

The  examination  in  this  subject  lasts  for  three  hours. 


.    First  Stage  or  Elementary  Examination. 

Instructions. 

Yon  are  permitted  to  aUempt  only  eight  questions. 

The^«^  three  questions  must  be  attempted  by  yon,  and  yon 
are  then  at  liberty  to  select  five  others  from  among  the  remain- 
ing questions  on  the  paper. 

The  value  attached  to  each  question  is  indicated  by  the 
numbers  in  brackets. 


1.  Name  the  two  chemical  elements  which  are  fonnd  in  the 

greatest  abundance  in  the  earth's  crust.     State  the  nature 
of  these  elements,  and  the  condition  in  which  they  occur. 
Name  JJt'c  other  elements  which  also  occur  very  abundantly  • 
in  minerals  and  rocks.  (15.) 

2.  State  the  chief  difierences  in  the  properties  of  water  in  its 
solidy  liquid,  and  gaseous  states.  Under  what  conditions 
are  these  several  states  assumed  by  water  F  O-^O 

3.  How  has  it  been  proved  that  some  parts  of  the  land  of  the 

globe  has  undergone  elevation  in  recent  times  ?  (1^0 
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4.  What  are  ihe  chief  mbstanoes  present  in  the  atmosphere  in 
addition  to  oxygen  and  nitrogen,  and  in  what  proportions  do 
these  additional  snhstances  occur  P  (11*) 

^.  How  do  the  waten  of  springs,  rivers,  and  the  sea  differ  from 
pnre  water  ?  (11,) 

6.  In  what  way  is  carbonate  of  lime  separated  from  a  state 
of  solution  in  waters,  to  form  the  substance  of  limestone 
rocks?  (11.) 

7.  Explain  the  action  of  frost  in  breaking  up  rock- masses. 
Where  does  this  kind  of  action  go  on  most  rapidly  ? 

(11.) 

8.  What  is  a  volcanic  dyke ;  what  is  it  like ;  and  how  is  it 
.     formed?  (11.) 

9.  What  is  a  maximum  and  minimum  thermometer,  and  for 
what  purposes  is  it  used  ?  Describe  any  form  of  the  instru- 
ment with  which  yon  ave  aequaiuted.  (H*) 

10.  State  what  you  know  concerning  the  form  and  composition 
of  a  crystal  of  quarts.  (11.) 

11.  Why,  in  this  country,  does  the  sun  appear  so  much  higher  in 

the  sky  at  noon  in  JiUmmer  than  it  does  in  winter  ? 

(11.) 

12.  Of  what  chemical  elements  are  plants  chiefly  composed,  and 
how  does  coal  differ  in  eompositioa  from  the  plants  from 
which  it  was  formed  ?  (11.) 


Second  Stage  or  Advanoed  EzaaninatioiL 

iKSTBUCTIOlSrS. 

"^  You  are  permitted  to  attempt  only  five  of  the  following  ques- 
tions, and  the  two  which  stand  first  upon  the  paper  must  be 
inchided  among  these. 

The  value  attached  to  each  question  is  indicated  by  the 
numbers  in  brackets. 


21.  Describe  the  instruments  by  which  the  distribution  and 
intensity  of  terrestrial  magnetism  have  been  determined. 

(23.) 

22.  What  is  meant  by  "the  pressure  of  the  atmosphere,"  and  how 
is  the  amount  of  that  pressure  determined  and  expressed  ? 
Within  what  limits  is  the  pressure  of  the  atmosphere  liable 
tojvariation,  and  what  are  the  causes  of  this  variation  in 
Xiressure  ?  (23.) 

23.  Why  do  cyclones  and  anticyclonas  move  in  opposite  direc- 
tions on  the  north  and  sou^h  of  the  equator  respectively  ? 

(18.) 
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24.  In  what  positiozi,  witk  respeoi  to  tfaue  centre  of  impnlae  of  an 
earthquake,  are  its  destrnctiye  effects  most  severely  felt  ? 

(18.) 

25.  Describe  the  physical  characters  and  the  chemical  oomposU 
tion  of  the  minerals  called  felspars.  (1^-) 

26    How  has  the  distance  of  the  moon  been  determined  ? 

(18.) 

27.  What  is  the  cause,  and  what  the  result^  of  the  precession  of 

the  equinoxes  ?  '  (18.) 

28.  State  Kepler's  Laws.  (18.) 


Honours  ExamlnatloiL 

Instructions. 


You  are  permitted  to  attempt  all,  or  any,  of  the  questions. 
^he  value  attached  to  each  question  is  the  same. 


41.  What  are  the  chief  sources  of  error  in  observations  directed 
to  the  determination  of  the  rate  of  increase  in  temperature 
within  the  earth's  crust  ? 

42.  Describe  the  compositipn  and  characters  of  the  chief  types  of 

vitreous  rocks. 

43.  State  what  you  know  concerning  the  distribution  of  spots 
and  prominences  on  the  sun's  surface. 

44.  Compare  the  atmosphere  of  the  major  planets. 

45.  Give  an  account  of  the  results  which  have  been  obtained  by 
recent  researches  in  connection  with  one  or  other  of  the 
following  subjects : — 

(a)  The  velocity  of  light. 

(h)  The  nature  of  the  great  earth-movements  which  take 
place  during  the  formation  of  mountain-chains. 
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SUBJECT  XXIV.     PBINCIPLES  OF 
AGBICULTURE. 

ExAMiNEHS,  PROCESSOR  HENRY  TANNER,  M.R.A.C-,, 
F.C.S.,  and  PROFESSOR  JOHN  WRIGHTSON, 
^.R.A.C.,  F.C.S. 


GxMEiuii  Instructions. 
If  the  Bnleg  are  not  attended  to,  the  paper  will  be  cancelled. 

You  may  take  the  Elementaiy,  or  the  Advanced,  or  the 
Honours  paper,  but  yon  mnst  confine  yourself  to  one  of  them. 

Pat  the  nnmber  of  the  question  before  your  answer. 

You  are  to  confine  your  answers  strictly  to  the  questions  pro- 
posed. 

Your  name  is  not  given  to  the  Examiners,  and  you  are  for- 
Indden  to  write  to  them  about  your  answers. 

The  examination  in  this  subject  lasts  for  three  hours. 


First  Stage  or  Elementary  Examination. 

iNSTBUCnOVS. 

You  are  permitted  to  attempt  only  eight  questions.  You  must 
attempt  three  of  the  first  fovr  questions  on  the  paper;  the 
remaining  five  you  may  select  from  any  part  of  the  paper* 

Each  question  admits  of  an  answer  carrying  an  equal  number 
of  marks. 


1.  Describe  the  way  in  which  onr  different  kinds  of  soil  are 
formed. 

2.  What  chemical  materials  are  found  in  soils,  and  into  what 
two  groups  may  they  be  divided  P 

3.  VHiat  food  do  plants  make  use  of  for  promoting  their  growth, 

and  how  do  tney  get  the  food  they  require  P 

4.  What  do  we  mean  by  a  good  rotation  of  crops,  and  state 

some  of  the  advantages  we  gain  by  it 


Digitized  by  VjOOQIC 


138  XXIV.— PRINCIPLES  OP  AGRICULTURE. 

5.  Why  does  farmyard  mannre  differ  so  much  in  its  fertilising 

yalue? 

6.  Take  any  one  of  our  artificial  manures,  and  give  an  aooonnt 
of  its  origin  or  mode  of  prodnotion,  and  state  the  advantages 
gained  by  its  nse  on  the  land. 

7.  Why  do  we  plough  and  otherwise  cultivate  soil  before  sowing 

the  seed  ? 

8.  What  special  advantages  are  gained  by  Autumn  cultivation? 

9.  How  does  the  drainage  of  land  render  it  better  able  to  yield 

good  crops  ? 

10.  What  are  the  dilEerences  between  light  and  heavy  soils,  and 

what  crops  are  best  suited  to  each  Y 

11.  What  substances  are  fonnd  in  our  farm  crops  which  are 
valuable  as  food  P  What  duties  do  they  respectively  per- 
form in  the  animal  body  ? 

12.  How  may  we  economise  the  use  of  food  for  iesrm  stoek  P 


Second  Stage  or  Advanoed  Szamination. 

Insteuctioks. 

Read  the  General  Instructions  at  the  head  of  the  Elementajry 
paper. 

You  are  permitted  to  attempt  only  six  questions. 

You  must  aiiempt  two  of  the  first  three  qaestions  on  the  paper. 
The  remaining  four  you  may  select  from  any  part  of  the  paper. 

Each  question  admits  of  an  aziswer  carrying  an  equal  number 
of  marks. 


21.  Show  how  the  subsoil  iufiuences  the  productive  powers  of  the 
soil,  giving  illustrations  from  your  reading  or  experience. 

22.  Upon  what  classes  of  arable  Iscnd  is  the  winter  folding  of 
sheep  to  be  recommended,  and  in  what  circumstances  would 
such  a  system  be  injurious  ? 

28.  What  is  the  general  composition  of  a  fair  *' superphosphate  "  P 
From  what  natural  sources  and  by  what  process  are  these 
useful  manures  made  P 


24.  Point  out  the  chief  effects  of  a  dressing  of  superphosphate 
upon  a  turnip  crop,  and  show  that  it  tends  to  secure  a  safe 
and  regular  crop. 

25.  Describe  the  attack  of  the  **  turnip  fly,"  and  presoribe 
measures  for  preventing  or  counteracting  this  insect  pest. 

26.  What  general  principles  of  tillage  and  management  may  be 

recommended  for  destroying  insect  life  and  preventing 
insect  attacks  on  farms  ? 
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27.  Describe  the  preparation  of  a  piece  of  clover-lea  for  wheat, 
incltiding  the  sowing  of  the  crop. 

28.  Constract  a  workable  rotation  of  crops  for  heavy  land  suitable 
for  the  present  range  of  prices. 

29.  What  are  the  leading  differences  in  the  water  economj  of 

stiff  soils  and  free  soils,  both  of  which  are  suffering  from 
.wetness?  Olearly  point  out  these  differences,  and  show 
how  they  affect  the  methods  employed  in  order  to  drain 
these  soUs. 

30.  Describe  the  systems  of  preserving  fodder  crops  known  aa 

EnaQage. 

31.  What  rules  would  you  observe  in  order  to  produce  a  first- 

rate  qualify  of  hay  ? 

32.  Enumerate  the  advantages  of  covered  yards  for  live  stock. 

33.  How  would   you  proceed  in  order  to  produce  artificial 
swarming  of  bees  ?     Describe  the  entire  process. 

34.  Describe  the  Brittany  system  of  making  butter. 


Honours  Examination. 

Instructions. 


Read  the  Qeneral  Instructions  at  the  head  of  the  Elementary 

You  are  not  to  attempt  more  than  six  qnestions  in  this  paper. 
Each  question  admits  of  an  answer  carrying  an  equal  number 
of  marks. 


41.  How  would  the  course  of  husbandry  most  desirable  for  a  hrm 
be  infldenced  by  the  character  of  its  soil  and  climate  ? 

42.  What  are  the  relative  advantages  of  enriching  the  land  by 
the  direct  application  of  artificial  manures,  and  by  tiie 
production  of  additional  manure  arising  from  the  use  of 
purchased  food  for  stock  P 

43.  Point  out  errors  of  practice  occasionally  observed  in  the 
irrigation  of  land,  and  state  your  reasons  for  objecting  to 
this  course  of  procedure. 

44.  Describe  the  various  plans  now  employed  for  the  production 

of  ensilage,  explaining  their  respective  merits  and  the  prin- 
ciples upon  which  such  practices  are  based. 

45.  State  the  conditions  of  growth  most  favourable  for  the 
production  of  "  roots  *'  and  corn,  each  possessing  its  highest 
nutritive  character. 
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46.  WhsJb  changes  take  place  in  the  malting  of  barlej  ?  What 

are  the  relative  feeding  properties  of  malt  and  barley  ? 

47.  Describe  the  advantages  of  cross-fertilization  in  plants,  and 

show  how  these  are  secured. 

48.  Describe  any  one  process  of  cheese-making,  and  explain  the 
action  of  the  agencies  employed. 

49.  What  are  the  chief  points  of  character  which  diatingnisli 
fowls  of  the  highest  quality  for  table  iLse  ?  How  may  these 
points  of  character  be  established  ? 

50.  Give  an  example  of  the  assistance  science  has  rendered 

to  some  one  section  of  farm  practice.     State  the  principles 
npon  which  snch  improved  practice  is  based. 


SUBJECT  XXV.    HTGIENE. 

BxAMiKBB,  Professob  W.  H.  CORFIELD,  M.A.,  M.D.  (Oxon). 


General  Instructions. 
If  the  roles  are  not  attended  to,  the  paper  will  be  cancelled. 

Yon  may  take  the  Elementary,  or  the  Advanced,  or  the 
Hononrs  Paper,  bat  you  must  confine  yonrself  to  one  of  them. 

Put  the  number  of  the  question  before  your  answer. 

You  are  to  confine  your  answers  strictly  to  the  questions  pro^ 
posed. 

Your  name  is  not  given  to  the  Examiner,  and  you  are  for- 
bidden to  write  to  him  about  your  answers. 

The  examination  in  this  subject  lasts  for.  three  hours. 


First  Stage  or  Elementary  Examination. 

Instructions. 

You  are  permitted  to  attempt  only  eight  questions. 
The  same  value  is  attached  to  each  question. 
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1.  Wliat  natural  foroes  may  be  utilised  in  the  ventilation  of 
Tooms?  Give  sketches  of  some  simple  appHanoes.  which 
may  be  nsed  for  this  purpose. 

2.  What  refuse  matters  are  prodnoed  in  a  kitchen?  What 
should  be  done  with  them  ? 

3.  What  are  proper  sources  of  drinking-water  for  villages  and 

for  towns?      How  may  a  suspected  water  be  rendered 
harmless  for  drinking  ? 

4.  Why  is  sleep  necessaiy  ?  Do  children  or  adults  require  more 
sleep,  and  why  ? 

5.  What  is  the  relative  importance  of  the  changes  produced  in 
air  by  respiration  ? 

6.  Compare  the  flesh  of  fish  with  butcher's  meat  as  food. 
Mention  some  important  differences  in  the  flesh  of  various 
kinds  of  fish. 

7.  Why  do  children  require  to  be  well  clothed  ?   What  are  the 

best  materiaJs  for  their  clothes,  and  how  should  they  be 
cleaned  ? 

8.  Why  is  the  drainage  of  the  soil  of  a  town  necessary,  and 

how  should  it  be  carried  out?    In  what  kinds  of  soil  is 
drainage  most  essential  ? 

9.  State  the  compositions  of  (a)  an  ''average"  diet,  (5)  a 

''subsistence''  diet;  and  give  an  example  of  the  former  with 
ordinary  foods. 

10.  What  food  substances  especially  aid  the  action  of  the  intes- 

tines ?  What  is  the  importance  of  regular  action  ? 

1 1.  What  are  the  physiological  effects  of  alcohol  and  of  alcoholic 
drinks  used  in  moderation  and  in  excess  ? 

12.  A  person  has  been  run  over  by  a  cab,  his  arm  is  apparently 

broken  and  is  .bleeding  fast;  what  would  you  do  ? 


Second  Stage  or  Advanced  Examination. 

Instructions. 

Bead  the  General  Instructions  at  the  head  of  the  Elementary 
paper. 

Ton  are  permitted  to  attempt  only  five  questions 
The  same  value  is  attached  to  each  question. 


Digitized  by  VjOOQIC 


142  .  XXY. — HTOIENE. 

21.  Compare  and  oontrasi  the  varioiiB  oereal  gnana  as  ta  their 

composition  and  economic  naes. 

22.  Contrast  the  phjsiological  effects  of  breathing  rare  and 
dense  air,  and  of  liying  at  different  altitudes. 

23.  Under  what  circumstances  would  carbonic  oxide  be  foond 
in  the  air  of  a  room  P  What  efieots  does  it  produce  P 

24.  What  are  the  materials  used  for  filtering  water  on  the  small 

scale  ?  How  do  they  act  P  What  points  should  be  attended 
to  in  the  construction  of  a  domes^o  filter  P 

25.  Sketch  and  describe  a  good  form  of  hopper  water-closet. 
How  should  it  be  supplied  with  water  P 

26.  Describe  some  stoves  with  arrangements  for  the  admission 
of  wanned  fresh  air  into  rooms;  give  a  sketch  of  one  of 
them. 

27.  Describe  the  rain-gauge,  and  fche  method  of  graduatincp  its 
measuring  glass.  If  one  inch  of  lain  falls  in  24  hours,  how 
many  gallons  of  water  can  be  collected  during  that  time 
from  a  roof  60  feet  by  40  feetP 

28.  What  are  the  chief  substaaoes  used  for  disinfecting  airP 

How  do  they  actP 


Honoura  ExaminatioiL 

Instructions. 


Bead  the  General  Instructions  at  the  head  of  the  Elementary 
paper. 

You  are  permitted  to  <Utem^  oulyfowr  qncj^tions. 

The  same  yalue  is  attached  to  each  question. 


41.  What  are  the  provisions  of  the  Public  Health  Act  for  the 

prevention  of  infectious  diseases  P 

42.  If  six  persons  are  in  a  room  containing  3,000  cubic  feet,  and 

have  a  supply  of  2,000  cubic  feet  of  air  per  head  per  hour, 
how  much  carbonic  acid  will  be  contained  in  the  air  of  the 
room  at  the  end  of  four  hours  P  Could  this  amount  of  air 
be  supplied  without  draught  P    Would  it  be  sufficient  P 
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43.  What  diseases  have  been  shown  to  be  spread  by  the  agencj 
of  milk?  In  what  ways  does  the  milk  become  contami- 
nated? What  precautions  should  be  taken  to  prevent  such 
contamination  ? 

44.  Describe  the  business  of  a  bone-boiler,  or  of  a  gut-scraper, 

and  frame  a  code  of  bje-laws  to  regulate  it. 

45.  Describe  in  detail,  with  sketches,  the  construction  of  a  good 

valve  water-closet.  What  are  the  arguments  for  and 
against  the  use  of  this  form  of  closet  ? 

46.  What  is  the  law  of  increase  of  a  population  ?  How  is  its 

probable  future  increase  calculated  ^  If  the  census  popula- 
tion of  a  town  was  31,563  in  1871,  and  39,482  in  1881,  show 
how  you  would  proceed  to  calculate  the  population  for 
midsummer  1886. 
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SUBJECT  I.    PRACTICAL  PLANE  AND  SOLID 
GEOMETST. 

ExAMHTEB,  CAPTAIN  O.  S.  OLABEE,  B.B. 

Qbvbual  Ikstbuctions. 
If  the  nJes  are  not  attended  to,  the  paper  will  be  cancelled. 

You  may  take  the  EleToentaiy,  or  the  Adyanced,  or  the 
Honours  paper,  but  joa  mnst  confine  yourself  to  one  of  them. 

All  figures  must  be  drawn  on  the  single  sheet  of  paper  sup- 
plied, for  no  second  sheet  will  be  allowed. 

The  constructions  may  be  left  in  pencil,  proyided  they  are 
distinct  and  neat,  and  that  the  construction  lines  are  shown. 
They  must  be  strictly  geometrical  and  not  the  result  of  calcula- 
tion or  trial.  In  the  absence  of  those  lines  which  are  essential 
to  a  correct  solution  no  marks  will  be  awarded,  however  correct 
the  result  may  appear. 

Lines  parallel  or  perpendicular  to  others  may  be  drawn 
mechanically  without  showing  any  construction.  Lines  maybe 
bisected  by  trial. 

A  fdngle  accent  (')  signifies /ee<;  a  double  accent  (")  inches. 

Put  the  number  of  the  question  before  your  answer. 

You  are  to  confine  your  answers  ainctly  to  the  questions 
proposed. 

Questions  marked  (*)  have  accompanying  diagrams. 

Your  name  is  not  given  to  the  Examiner,  and  you  are  for- 
bidden to  write  to  him  about  your  answers. 

The  examination  in  this  subject  lasts  forfov/r  hours. 


First  Stage  or  Elementary  ExaxninatioxL 

iNSTRQCnOWS. 

Bead  the  (3eneral  Instructions  above. 


Only  eight  questions  are  to  be  attempted. 

A. 
Flane  Oeomehy. 
•1.  Draw  the  given  figure  full  size,  adhering  strictly  to  the 

figured  dimensions.  (8.) 

•2.  Reduce  the  given  figure  to  a  square  of  equal  area.     (8.) 
(530)  A  2 
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3.  Construct  a  triangle  whose  sides  oft,  6c,  ca  are  3^",  2f ", 

and  2"  respectively.  On  ae  construct  a  second  trian^e, 
adCf  whose  vertical  angle  ode  is  equal  to  the  angle  abc 
and  the  side  ad  If.  N.B.  The  angles  upon  the  same 
base  and  in  the  same  seraient  of  a  circle  are  equaL 

(8.) 

Solid  Oeometry. 

4.  a.  Show  bj  their  traces  two  vertical  planes  making  60^ 

with  each  other,  and  with  the  vertical  plane  of  pro- 
jection. 
h.  Show  bj  their  projections  any  two  equal  parallel  lines 
not  parallel  to  either  plane  of  projection.  i^^-) 

*5.  State  precisely  what  is  represented  by  each  of  the  four 
given  figures  (A),  (B),  (C),  (D).  (10.) 

6.  A  is  a  point  in  the  vertical  plane  1^"  above  the  horizontal 
plane  ;  B  is  a  point  in  the  horizontal  plane  1}"  from  the 
vertical  plane.  The  real  distance  from  A  to  B  is  3". 
Draw  the  plan  and  elevation  of  the  line  joining  A  and  B. 

(12.) 

*7.  a'  is  the  elevation  of  a  point  in  the  g^ven  plane  lorn;  b  the 
plan  of  a  point  in  the  given  plane  noip.  Determine  the 
real  length  of  the  line  joining  these  points.  (^^O 

*8.  A  vertical  plane,  of  which  ht  is  the  horizontal  trace,  cuts 
the  two  given  planes.  Draw  the  elevations  of  the  inter- 
sections, and  determine  the  real  angle  they  contain. 

(14.) 

*9.  ah,  a  line  in  the  horizontal  plane,  is  the  base  of  a  triangle, 
tiie  real  lengths  of  the  other  sides  of  which  are  2}"  and 
If".  The  height  of  the  vertex  is  1|"  above  the  horizontal 
plane.  Complete  the  plan  and  draw  the  elevation  of  the 
triangle.  (^4.) 

10.  Draw  the  plans  of  two  spheres,  1''  and  2^"  in  diameter, 

touching  each  other,  and  both  planes  of  projection. 

(14) 

11.  Draw  the  plan  of  a  cube  of  2|"  side  with  one  axis  vertical. 

(14.) 

*12.  Four  equal  bricks  are  arranged  as  shown,  their  side  faces 
being  all  in  one  plane.  The  dimensions  of  each  brick  are 
9"  X  4J"  X  3".  Draw  the  plan  of  the  pile,  and  an 
elevation  on  a  plane  inclined  at  35°  to  the  long  edges  of 
the  three  lower  bricks.  Scale  \  full  size,  N.B.  The 
figure  is  not  to  be  merely  reproduced.  (14.) 

*13.  Make  a  sectional  elevation  of  the  pile  (Q.  12)  by  a  vertical 
plane  containing  the  diagonals  of  the  horizontal  faces  of 
brick  A.  (14.) 
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Oraphic  Arithmetic. 
*14.  Detenniiie  by  oonstractioii  a  line  representiiig  the  snm  of 
the  given  Imes  A,  B,  divided  by  0.     Unit  1^".     (10.) 

22 
15.  SnppoBing  that  the  area  of  a  circle  is  — r*,  where  r  is  the 

radins ;  obtain  bj  construction  and  write  down  the  length 
of  a  line  representing  the  area  of  a  circle  3"  in  diameter. 
Unit  v.  (14.) 


Seoond  Stage  or  Advanoed  Ezamixiation. 

Ikstbtjctioks. 

Bead  iha  General  Instraotions  at  the  head  of  the  Elementary 
paper. 
Only  eight  questions  are  to  be  attempted. 

B. 

Plane  Oeometry. 

*21.  Two  lines,  inolading  a  g^ven  angle,  touch  two  given  circles 
as  shown.  Trace  the  locus  of  the  intersection  of  the 
lines.  (16.) 

*22.  Through  the  given  point  jp  draw  two  lines  cutting  the  two 
given  Ihies  in  such  a  way  that  the  included  area  is 
3^  square  inches.  (18.) 

*23.  Four  equal  rods,  a&,  5c,  cd^  da  form  a  frame  jointed  at  the 
angles.  The  frame  is  also  pivoted  at  a.  The  point  c 
moves  on  the  circumference  of  the  given  circle.  Draw 
the  curve  traced  by  the  point  x  on  the  bar  he,        (20.) 

Solid  Oeometi'y. 

•24.  Two  planes  are  given  by  their  traces  aoh,  cod.  Draw  the 
projections  of  a  sphere  2"  in  diameter  touching  the  given 
planes,  and  having  its  centre  in  the  horizontal  plane. 

(25.) 

*25.  mon  is  a  given  plane.  Determine  the  vertical  trace  of  a 
second  plane  having  the  given  line  ht  as  its  horizontal 
trace,  and  such  that  the  real  angle  contained  between 
the  traces  is  the  same  as  that  contained  between  the 
traces  of  the  given  plane.  (22.) 

*26.  a,  hy  c  are  points  on  the  horizontal  plane.  Determine  the 
position  of  a  point  t;  on  the  given  line  db,  such  that  the 
triangles  vab  vcb,  if  folded  out  flat  about  the  line  db, 
shall  form  a  single  triangle.     Unit  01".  (22.) 
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*27.  The  end  eleyation  and  a  portion  of  the  plan  of  two 
adjacent  ridge  roofs  is  given.  Determine  on  plan  the 
shortest  disl^ce  measured  on  the  roof  sorfaoe  from  « 
to  b.  (22.) 

*28.  The  three  given  parallel  lines  are  the  plans  of  portions  of 
the  edges  of  a  triangular  prism.  Determine  the  plan  of 
a  sphere  inscribed  in  the  prism,  and  having  16  as  the 
index  of  its  centre.     Unit  01."  (26.) 

*29.  An  oblique  triangular  pyramid,  vabc,  having  its  base,  abc, 
on  the  horizontal  plane,  penetrates  a  vertical  right 
cylinder,  of  which  the  arc  de  struck  from  t;  as  centre,  is 
a  portion  of  the  plan.  Draw  an  elevation,  on  a  line 
parallel  to  ac,  of  the  hole  made  in  the  cylinder,  supposing 
the  pyramid  removed.     Unit  0*1".  (30.) 

*dO.  The  plan  of  an  inverted  right  cone  with  its  vertex  on  the 
horizontal  plane  is  given.  The  height  of  the  plane  of  the 
base  is  25.  Determine  the  scale  of  slope  of  a  plane  con- 
taining the  given  point  p  and  tangent  to  the  cone.  Unit 
0-1".  (22.) 

*31.  The  given  figure  represents  the  elevation  of  a  square- 
headed  bolt  with  a  conical  shank  standing  on  the  hori- 
zontal plane.  The  projections  r,  /  of  one  of  the  parallel 
rays  of  light  are  given.  Draw  the  bolt  full  me,  and 
obtain  the  shadow  cast  on  the  horizontal  plane.     (26.) 

*82.  Make  an  isometric  view  of  the  bolt  (Q.  31),  drawing  it  full 
size.    An  isometric  scale  is  not  to  be  used.  (25.) 

*33.  A  right  cylinder  lies  on  a  truncated  right  cone  as  shown, 
the  axis  of  the  cylinder  passing  through  that  of  the  cone. 
Draw  the  figure  full  size  and  make  a  sectional  elevation 
of  the  two  solids  by  a  vertical  plane  passing  ^"  from  the 
axis  of  the  cone,  and  making  50°  with  the  axis  of  the 
cylinder.  (34.) 

Oraphic  StoHcs^  §fc. 

*34.  Obtain  by  construction  lines  representing  the  areas  A,  B,  C, 
into  which  the  given  figure  is  divided.     Unit  1^". 

(16.) 

*d5.  Five  given  forces  act  as  shown  at  the  point  0.  Determine 
by  construction  two  forces  acting  along  the  given  dotted 
lines  which  will  keep  the  point  0  in  equilibrium.  Write 
duwn  the  magnitudes  and  indicate  the  directions  of  these 
forces.    Use  a  scale  of  1"  =  100  lb.  (22.) 
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Honours  Examination. 

Instructions. 

Bead  the  General  Instarnctions  at  the  head  of  the  Elementaxy 
Paper.     Only  eight  questions  are  to  be  attempted. 


0. 

Plane  Geometry. 

*41.  abed  ia  a  field ;  ce  a  hedge.  How  mnst  the  hedge  be  carried 
on  in  a  straight  line  so  as  to  divide  the  field  into  two 
equal  parts  ?  (^0 

M2.  Draw  a  rectangular  hyperbola,  having  given  the  focus  F 
and  an  asymptote  AA.  (35.) 

*43.  Obtain  the  form  of  a  cam  plate  to  be  keyed  on  to  a  shaft, 
A,  and  impart  motion  to  a  roller  B,  the  centre  of  which 
travels  on  the  given  dotted  line.  In  one-third  of  a  revo- 
lution of  the  cam  shaft,  B  is  to  be  raised  at  a  uniform 
speed  to  the  position  G.  It  is  then  to  remain  at  rest 
during  one-sixth  of  a  revolution,  to  rise  to  D  at  a  uniform 
speed  in  one-quarter  of  a  revolution,  and  to  fall  back 
from  D  to  B  in  one-quarter  of  a  revolution.  (45.) 

Solid  Oeometry, 

*44.  The  traces  of  two  planes  are  given,  and  ab  the  plan  of  a 
line  lying  in  one  of  them,  mon.  AB  is  one  side  of  an 
equilateral  triangle,  of  which  the  vertex  G  is  in  the  other 
given  plane.  Complete  the  plan,  and  draw  the  elevation 
of  the  triangle.  (40.) 

*45.  Determine  the  projections  of  a  line  2|"  long  with  one 
extremity  in  each  of  the  given  planes  and  inclined  at  the 
same  angle  to  both.  "Hie  centre  of  the  line  to  be  f 
above  the  horizontal  plane.  (40.) 

*46.  Trace  the  locus  of  the  centre  of  a  circle  2"  in  diameter, 
tOQching  the  two  given  lines  a 6,  a'b' ;  cd^  c'd'  supposed 
indefinitely  product.  (^5.) 

*47.  A  rod,  dby  is  balanced  at  the  point  o,  abopit  which  it  also 
vibrates  through  the  angle  shown.  While  making  two- 
thirds  of  a  complete  revolution,  db  swings  from  Ihe 
position  aV  to  a  6".  Draw  the  plan  of  the  locus  of  one 
of  the  extremities  of  the  rod  during  one  whole  revolu- 
tion. (40.) 

*48.  Draw  a  line  through  the  given  point  c  to  pass  1^"  from 
each  of  the  two  given  points  a,  S.  State  the  conditions 
of  possibility  of  this  question.     Unit  O'l".  (50.) 
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*49.  The  given  figure  represents  the  plans  of  two  equal  anck 
rings  interlocking.  Make  a  vertical  section  on  the  If 
tBy,  distinguishing  the  sectional  parts  of  the  two  ring 

(5C 

50.  A  surface  is  generated  by  a  line  passing  througli  a  fil 
vertical  axis  and  making  a  constant  angle  of  35**  -mtli 
while  revolving  round  it  at  a  uniform  speed.  Daring 
complete  revolution,  the  point  of  intersection  of  1 
generating  line  and  the  axis  moves  2^"  along  the  latt 
Draw  the  section  of  the  surface  so  generated  bj  a  pi 
parallel  to  and  1"  from  the  axis.  (50. 

*51.  Determine  the  shadow  cast  by  the  given  bracket  on 
wall  to  which  it  is  fixed.     The  rays  of  light  are  para 
and  two  elevations,  r\  r",  of  a  ray  are  given.  (50.^ 

*52.  Make  an  isometric  view  of  the  given  bracket.    N.B. 
isometric  scale  is  not  to  be  used.    Dimensions  may 
taken  direct  from  the  figure.  (^0 

*53.  The  sketch  plan  shows  the  position  of  the  given  braol 
with  respect  to  the  plane  of  the  picture.  The  stat' 
point  is  6"  from  the  picture  plane  and  J''  below  the  le 
of  the  lop  of  the  bracket.  Draw  a  perspective  view  < 
the  bracket.  N.B.  The  sketch  plan  is  to  be  taken  or 
as  giving  the  position  of  the  bracket.  (^0.) 

Oraphic  Statics. 

*54.  Determine  by  construction  the  centre  of  gravity  of  ihi 
given  figure.  (40.) 

*55.  Draw  a  stress  diagram  for  the  given  simple  truss  under  \ 
single  load  w  =:  1800  lb.  applied  as  shown.    Distlnffuisli , 
between  bars  in  tension  and  in  pressure.     Scale  i'*  = 
100  lb.  (50.) 


SUBJECT  n.    MACHINE  CONSTRUCTION  AND 
DRAWING. 

ExAMiNEBS,  Pbof.  T.  A.  HEAHSON,  M.Inst.O.E.,  a»d 
J.  HARRISON,  Esq.,  M.  Inst.  M.E. 


General  Instructions. 

If  the  rnles  are  not  attended  to,  the  paper  will  be  cancelled. 

You  may  take  the  Elementary,  or  the  Advanced,  or  the 
Hononrs  paper,  but  you  mast  confine  yourself  to  one  of  them. 
Put  the  number  of  the  question  before  your  answer. 
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You  are  expected  to  prove  yonr  knowledge  of  macliinerj,  as 
well  as  jour  power  of  drawing  neatlj  to  scale.     You  are  there- 
fore to  supply  details  omitted  in  the  sketches,  to  fill  in  parts . 
incomplete,  and  to  indicate,  by  diagonal  lines,  parts  cut  by  planes 
of  section. 

No  credit  will  be  given  unless  some  knowledge  of  projection 
is  shown,  so  that  at  least  two  views  of  one  of  the  examples  will 
be  required  properly-  projected  one  from  the  other.  The  centre 
lines  should  be  clearly  drawn.  The  fig^ured  dimensions  need 
not  be  inserted. 

Your  answers  should  be  clearly  and  cleanly  drawn  in  pencil. 
No  extra  marks  will  be  allowed  for  inking  in. 

All  figures  must  be  drawn  on  the  single  sheet  of  paper 
supplied,  for  no  second  sheet  will  be  allowed. 

The  value  attached  to  each  question  is  shown  in  brackets 
after  the  question.  A  full  and  correct  answer  to  an  easy  question 
will  secure  a  larger  number  of  marks  than  an  incomplete  or 
inexact  ar.swcr  to  a  more  difficult  one. 

Your  name  is  not  given  to  the  Examiners,  and  you  are 
forbidden  to  write  to  them  about  your  answers. 

You  are  to  confine  your  answers  strictly  to  the  questions 
proposed. 

A  single  accent  (')  signifies /ee^;  a  double  accent  (")  inches. 

The  examiruMon  in  this  subject  lasts  for  four  hours. 


Tint  Stage  or  Elementary  EzaminatioxL 

Ikstbuctions. 
Bead  the  General  Instructions  above. 

Answer  briefly  any  three,  but  not  more  than  three,  of  the 
following  questions,  and  draw  two,  but  not  more  than  two,  of 
the  examples. 

Qtiestions, 

(a.)  Explain  how  the  piston  rings  in  Example  1,  Diagram  D, 
are  made,  so  that  the  piston  may  work  steam-tight  in 
the  cylinder.     How  are  these  nogs  got  into  place  ? 

(8.) 

(h.)  Give  two  views  of  a  double  riveted  lap  joint  for  boiler 
phites.  (8.) 

(c.)  Show  by  sketches  how  a  wheel  is  fixed  on  a  shaft  by  means 
of  a  sunk  key.  Explain  how  the  key  may  be  withdrawn 
when  it  cannot  be  driven  from  the  point  end.  (8.) 

(d.)  GKve  sketches  showing  the  construction  of  a  conical  metal 
lift  or  puppet  valve  and  seating.  (10.) 
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(6«)  With  tbe  aid  of  sketclies  explain  how  a  piston  rod  is  made 
to  work  steam-tight  through  the  end  of  the  ojlinder. 

(10.) 
(/.)  Explain  how  the  slotting  machine  ram  of  Example  3,  Dia- 
gram D,  may  be  made  to  move  up  and  down  when  at 
work.     How  is  the  length  of  the  stroke  altered,  and  what 
is  the  object  of  the  slotwaj  in  the  upper  part  of  the  ram  ? 

(10.) 

Examples  to  he  Drawn. 

Diagram  D. 

1.  Piston  for  steam-engine.     Draw  and  complete  the  two  views 

shown,  the  top  half  of  the  left-hand  view  to  be  in  sec- 
tion.    Scale  ^  size.  (30.) 

2.  Plan  and  sectional  elevation  of  a  footstep  bearing  for  an  up- 

right shaft.  Draw  and  complete  these  views.  Scale 
^  size.  (3^0 

3.  Bam  of   slotting  machine.     Draw   and   complete  the  two 

elevations  shown.  The  tool-holders  mnst  be  drawn  in 
their  proper  positions  in  the  ram,  and  not  separate  as  in 
the  diagram.     Scale  i  size.  (35.) 


Second  Stage  or  Adyanced  EzaminatiozL 

Instbuctions. 
Bead  the  (General  Instmctions  above. 

Answer  briefly  any  three,  but  not  more  than  three,  of  the 
following  questions,  and  draw  the  example  given. 

QuegUons, 

(g,)  GKve  sketches  and  a  description  of  some  method  of  pro- 
viding for  the  expansion  and  contraction  of  a  long  length 
of  steam  pipe.  (15.) 

(A.)  State  the  characteristic  properties  of  cast  iron  and  wrought 
iron.  Mention  several  examples  of  machine  details  in 
which  the  metal  used  is  selected  on  account  of  the 
possession  of  certain  of  these  properties.  (^5.) 

(k,)  Show  the  construction  of  a  crank-shaft  bearing,  which 
is  provided  with  means  of  adjustment  for  horizontal  and 
vertical  wear.  (20.) 

(Z.)  Gfive  two  views,  with  figured  dimensions,  of  a  knuckle  or 
fork  joint  suitable  for  connecting  two  rods  of  IJ"  diameter. 
Describe  the  process  of  machine' shaping  the  joint. 

(20) 
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(ill.)  Describe  with  sketches  the  construction  of  stocks  and 
dies  used  for  the  cutting  of  screw  threads.  (20.) 

(ti.)  What  is  the  use  of  the  vertical  links  shown  inside  the 
spring  of  the  safety-valve  in  Diagram  E  ?  How  can  the 
tension  of  the  spring  in  this  valve  be  adjusted  ?  Why  is 
the  end  fulcrum  of  the  lever  provided  with  a  hinged 
joint?  (20.) 

Example  to  he  Drawn. 

Diagram  E. 

Bam^bottom's  Safety  Valve.  Draw  and  complete  the  two  views 
shown,  the  left-hand  view  being  one  half  in  section  and  the 
other  half  in  elevation,  and  the  right-hand  view  being  a  sec- 
tion on  AB. 

Also  give  a  plan,  one  side  of  which  shall  be  a  section 
through  CD.     Scale  ^  size. 

N.B. — To  get  these  views  properly  on  your  paper,  the  foot 
of  the  flange  in  elevation  should  be  placed  4^  inches 
(actual  size)  from  the  bottom  of  the  sheet.         (140.) 


Honours  Ezaminatlon. 

iNSTRTJCrriONS. 

Bead  the  General  Instructions  above. 

You  are  permitted  to  answer  only  eight  of  the  following 
questions. 

The  sketches  required  in  answer  to  these  questions  may  be  in 
pencil,  and  need  not  be  drawn  to  scale,  bat  should  be  neat  and 
m  good  proportion.  The  written  answers  must  be  in  ink,  and 
may  be  written  on  foolscap  paper,  which  can  be  obtained  on 
appUcation  to  the  superintendents  of  the  examination.  Each 
sketch  should  be  made  in  immediate  connection  with  the  answer 
to  which  it  refers. 

41.  Oive  an  account  of  the  extension  produced  in  a  mild  steel 

bar  by  a  gradually  increasing  tensile  load.  Draw  a 
diagram  the  area  of  which  will  represent  the  dynamical 
strength  of  the  bar,  or  the  amount  of  work  required  to 
rupture  it,  and  give  an  approximale  numerical  estimate 
of  this  area  for  a  specimen  10'^  long  and  1  square  inch  in 
section.  (20.) 

42.  Fig.  1  shows  a  centre  line  sketch  of  a  loaded  crane.    The 

end  B  of  the  jib  AB  is  forked  to  leceive  the  chain 
pulley ;  there  are  two  tie  rods,  BC,  one  on  each  side  of 
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the  jib,  and  tbe  joint  B  is  completed  by  a  pin  on  which 
the  pulley  is  monnted.  Draw  a  diagram  by  which  the 
stress  on  jib  and  tie  rods  may  be  ascertained,  and  deter* 
mine  the  greatest  shearing  force  on  the  pin.  (25.) 


Fig.l. 


Fig.  2. 


43.  In  Fig.  2  is  shown  the  centre  line  of  the  jib  of  another 

type  of  crane.  Estimate  the  bending  moment  at  aeyeral 
sections,  and  draw  a  diagram  representing  the  bending 
moment  at  all  sections  of  the  jib.  Giye  a  sketch  of  a 
snitable  form  of  section  at  AB,  and  explain  how  the 
greatest  stress  at  this  section  is  to  be  calcolated. 

(25.) 

44.  Determine  the  diameter  of  the  eight  bolts  of  a  flange 

conpling  for  a  shaft  14"  diameter  which  is  subjected  to 
torsion  only,  the  diameter  of  the  bolt  circle  being  23'^ 
Sketch  the  conpling,  giving  figored  dimensions.     (25.) 

45.  Explain  the  importance  of  considering  the  stiffness  as  well 

as  the  strength  of  parts  of  a  stmctore  in  determining 
their  snitable  transverse  dimensions. 

A  beam  of  uniform  section  is  supported  at  the  ends 
and  loaded  in  the  centre.  Calculate  the  ratio  of  depth  to 
span  in  order  that  the  deflection  may  not  exceed  -njVir^^ 
of  the  span  when  the  maximam  stress  is  8,000  lbs.  per 
square  inch,  the  modulus  of  elasticity  being  28,000,000. 

(25). 

46.  Investigate  an  expression  for  the  moment  of  friction  of  a 

flat  pivot,  stating  the  assumption  made  as  to  the  distri- 
bution of  pressure. 

Find  the  H.P.  lost  by  the  friction  of  a  footstep  bearing 
the  diameter  of  which  is  4",  the  total  load  on  it  being 
3,000  lbs.,  the  number  of  revolutions  100  per  minute,  and 
coefficient  of  friction  '06.  (25.) 
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47.  The  flj- wheel  of  an  engine  of  4  H.P.,  running  at  75  revo« 

Intiona  per  minute,  is  equivalent  to  a  heavy  rim  45" 
diameter,  weighing  500  lbs.  Estimate  the  ratio  of  the 
kinetic  energy  in  uie  fly-wheel  to  the  energy  exerted  in  a 
revolution,  and  determine  the  greatest  and  least  speed  of 
rotation  when  the  fluctuation  of  energy  is  one-fourth  of 
the  energy  of  a  revolution.  (25.) 

48.  Explain  the  efEect  of  the  change  of  velocity  of  the  recipro- 

catiug  parts  of  an  engine  in  causing  forces  tendiug  to  dis- 
place the  engine. 

Estimate  the  greatest  displacing  force  due  to  a  set  of 
reciprocating  parts  weighing  350  lbs.,  the  engine  making 
400  revolutions  per  minute,  the  length  of  stroke  being 
2',  and  connecting  rod  4'  3".  (25.) 

49.  Draw  Zenner's  slide  valve  diagram  for    a  steam-engine 

having  given,  maximum  width  of  opening  for  steam  1^'\ 
lead  i",  the  release  being  at  V^jths  stroke  with  no  inside 
lap ;  and  thereby  determine  the  travel,  angle  of  advance, 
outside  lap,  and  point  of  cnt-ofl.  (25.) 

50.  Give  sketches  of  a  construction  whereby  a  quick  return 

motion  is  g^ren  to  the  ram  of  a  slotting  or  shaping 
machine,  in  which  the  length  of  the  stroke  and  the  posi« 
tion  of  its  centre  may  be  adjusted.  (20.) 

51.  Describe  and  g^ve  sketches  with  dimensions,  showing  the 

methods  of  securing  the  ends  of  a  stay-tube  to  the 
tube^plates  of  a  marine  boiler.  Give  the  calculation 
for  the  strength  of  a  stay-tube.  (20.) 

52.  Sketch  and  describe  a  method  of  fitting  a  liner  in  the 

cylinder  of  an  engine  of  large  dimensions,  showing  how 
steam-tight  joints  at  the  ends  are  obtained  with  fi^edom 
for  expansion.  (20.) 

53.  Give  sketches  of    an   arrangement   of  rope   gearing    by 

means  of  which  the  power  of  an  engine,  fixed  on  the 
ground  floor  of  a  mil),  may  bo  transmitted  to  the  lines 
of  shafting  in  the  various  rooms  of  the  mill.  State  what 
velocity  you  would  give  to  the  rope,  and  what  considera- 
tions would  guide  you  in  determining  the  sizes  of  the 
pulleys  used.  (25.)    . 

54.  Give  sketches  showing  the  construction  of  a  high-pressure 

hydraulic  accumulator.  Explain  its  object,  and  men- 
tion several  uses  to  which  it  may  be  put.  Discuss  the 
relative  advantages  of  wafer  and  air  as  a  medium  for 
transmitting  power.  (25.) 
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55.  Give  some  examples  of  work  for  which  milling  machii 

are   especially  suited.     State   and   explain   anj  speo 
advantages  dae  to  this  method  of  shaping  material.       ; 

(20.)1 

56.  With   the  aid  of  sketches  describe  the  constmction  at 

explain  the  action  of  any  good  form  of  steam  trap. 

(20.). 

\ 


SUBJECT  H    MACHINE  CONSTRUCTION  ANX 
DRAWING. 


Honours  Exainiiiation. — ^Work  to  be  done  at  Home. 

Instbuctions. 

This  paper  is  to  he  worked  by  the  Candidate  at  home.  The 
drawings^  4^.,  are  to  be  sent  by  post  to  the  Secretary  ^  Science  and 
Art  Department^  on  or  before  the  18th  of  June,  They  need  not  be 
prepaid.  The  drawings  should  be  asfuUy  detailed  as  possible,  and 
carefully  dimensioned.  Some  marks  will  be  allowed  for  inking^in 
and  colouring,  but  more  credit  will  he  attached  to  good  proportion 
and  fulness  of  detail. 


The  subject  for  design  is  a  cylindrical  internally-fired  marine 
boiler.  It  is  required  to  generate  sufficient  steam  of  120  lbs. 
pressure  per  square  inch,  with  ordinary  convection  draught, 
to  develop  000  H.P.  in  an  economical  engine. 

The  diameter  of  the  boiler  is  to  be  12'  4"  and  its  length 
9'  6". 
(a.)  Give  calculations  for  the  thickness  of  the  plates  of  shell 
and  ^mace,  and  for  the  efficiency  of  the  longitudinal 
joints : 

also  for  areas  of  fire-grate,  tube  surface,  flae  section, 
and  volume  of  steam  room  : 

and  for  strength  of  stays  and  stay- tubes. 
State  the  thickness  and  quality  of  the  material  of  all 
the  plates  used. 

(6.)  Draw  a  longitudinal  sectional  elevation  of  the  boiler 
showing  normal  water  level. 

(c.)  Draw  a  transverse  view,  half  in  section. 

The  complete  detail  of  the  constmction  of  the  boiler 
is  required,  including  the  manner  of  working  the  joints 
of  all  the  plates,  the  attachments  of  the  stays  and  stay* 
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tubes,  the  positdon  and  constmction  of  the  man-hole  and 
other  doors,  and  the  grate  and  f  nmace  fittings. 

If  preferred,  some  of  these  details  maj  be  shown  in 
separate  sketches. 

(d.)  Design  on  a  separate  drawing  the  safety  yalves  saitable 
for  this  boiler,  giving  the  calcnlations  for  their  area,  and 
for  the  strength  and  flexibility  of  the  springs. 
The  other  boiler  mountings  are  not  required. 

T%6  following  voucher  muit  he  gigned  and  returned  with  the 
worked  drawings : — 

I, 

hereby  certiiy  on  my  honour  that  the  drawings  sent  in  by  me, 
for  the  Honours  Examination  in  Machine  Construction  and 
Drawing,  have  been  wholly  done  by  me,  and  without  assistance 
from  any  person. 

(Signed) 

No. 


The  above  number  must  be  quoted  on  each  separate  sheet  of 
drawings  worked  by  yon. 


SUBJECT    m.    BUILDING   GONSTBUGTION. 

BxAKiKBB,  COLONEL  SEDDON,  R.B. 


General  Instructions. 
If  the  roles  are  not  attended  to,  the  paper  will  be  cancelled. 

You  may  take  the  Elementary  or  the  Advanced  or  the  Honours 
paper,  but  you  must  confine  yourself  to  one  of  them. 

Your  name  is  not  given  to  the  Examiner,  and  you  are  for- 
bidden to  write  to  him  about  your  answers. 

All  figures  must  be  drawn  on  the  single  sheet  of  paper 
supplied,  for  no  second  sheet  will  be  allowed. 

All  drawings  must  show  a  correct  knowledge  of  construction. 
Neat  and  accurate  drawing  to  scale  is  required.  Where  only 
sketches  are  asked  for  the  proportions  must  be  approximately 
correct,  though  extreme  accnracy,  as  in  drawings  to  scale,  is 
not  necessary.  The  drawings  may  be  left  in  pencil,  provided 
they  are  distinct  and  neat.  No  extra  marks  will  be  allowed  for 
inking  in. 

You  are  to  confine  your  answers  strictly  to  the  questions 
proposed. 
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Fat  the  ntimber  of  the  question  before  jour  answer. 

Answers  in  writing  must  be  as  shoi*t  and  clearly  stated  as 
possible,  and  close  to  any  figures  to  which  thej  may  refer. 

The  valae  attached  to  each  question  is  shown  in  brackets  after 
the  question.  But  a  full  and  correct  answer  to  an  easy  question 
will  in  all  cases  secure  a  larger  number  of  marks  than  an 
incomplete  or  inexact  answer  to  a  more  difficult  one. 

A  single  accent  (')  signifies  feet ;  a  double  accent  ('')  inchet. 

Questions  marked  (*)  have  accompanying  diagrams. 

The  Examination  in  thU  aubject  lasts  for  fowr  houn. 


First  Stage  or  Elementary  Examinatio&. 

Ikstructions. 
Ton  are  only  permitted  to  attempt  seven  questionsi 


*1.  Plans  of  two  successive  courses  of  a  brick  wall  built  in 
single  Flemish  bond. 

Draw  to  a  scale  of  -^^  showing  the  arrangement  of 
the  bricks.  (H*) 

*2.  Elevation  of  part  of  the  end  of  a  stone  wall. 

Draw,  to  a  scale  of  2'  to  an  inch,  showing  at  A  squared 
rubble  built  up  to  coarses,  and  at  B  Uock-in*course 
work,  with  plain  ashlar  quoins  to  both.  (11) 

*3.  Plan  of  the  joint  between  a  trimmer  and  a  trimming  joist. 
Give  a  vertical  section  through  A — ^A,  to  a  scale  of  ^, 
and  show  which  is  the  trimmer.  (l-l*) 

*4.  Cross  section  through  a  roof  gutter  behind  a  brick  parapet. 
Draw,  to  a  scale  of  j''  to  a  foot,  adding  the  bricks, 
slate  boarding  and  tilting  fillet,  lead  gutter  and  flash- 
ing.  (11.) 

5.  Give  sketches  explaining  the  following  terms  in  Carpen- 
ter's work : — 

Plain  fished  joint — cogged  joint — ^stump  tenon. 

(12.) 

*6.  Vertical  section  through  the  footings  of  an  external  wall 
of  a  brick  dwelling-house,  the  brickwork  resting  on  the 
soil. 

Draw,  to  a  scale  of  ^"  to  a  foot,  making  any  alteration 
to  the  footings  you  think  necessary,  and  showing  the 
bricks  laid  in  English  bond.  Nothing  but  brickwork  to 
be  shown.  (l-^O 
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•7.  Line  diagram  of  an  iron  roof  truss. 

(Hve,  to  a  scale  of  ^,  a  detailed  drawing  of  the  joint 
at  A,  the  strata  being  of  angle  iron,  3"  x  3"  X  f  ,  the 
tie-rod  1"  diameter,  and  the  king-rod  |"  diameter.    (12.) 

*8.  Section  through  the  eaves  of  a  roof. 

Draw,'  to  a  scale  of  1"  to  a  foot,  adding  1"  slate  board- 
ing covered  with  Countess  slates,  20"  x  10",  laid  to  a  3" 
lap,  and  centre  nailed.  The  slating  to  show  4  margins. 
The  thickness  of  the  slates  may  be  exaggerated  to  show 
the  details  distinctly.  (13.) 

9.  Show,  by  a  section  \  full  size,  how  an  iron  bar,  1^"  diame* 
ter,  would  be  leaded  into  a  block  of  stone. 

Give  sketches  showing  the  difEerence  between  a  joggle 
and  a  doweled  joint  in  masonry.  (13.) 

10.  Draw,  to  a  scale  of  1"  to  a  foot,  the  end  of  a  floor  joist  9" 
deep,  notched  on  to  a  4"  x  3"  wall  plate  carried  on  brick 
corbeling,  the  wall  being  14"  thick.  The  section  of  the 
wall  to  iSiow  the  method  of  corbeling  out  the  bricks* 

(13.) 

*11.  Elevation  of  a  trussed  partition  between  two  rooms. 

Draw,  to  a  scale  of  n^,  the  portion  to  the  left  of  the 
line  A — ^A,  showing  the  following  details,  and  how  it  is 
supported,  as  well  as  any  ironwork  you  may  consider 
necessary:-— 

Head U"  X  6" 

Sill 4|    X  4 

Quarters  or  studs 4^    X  2 

Door  studs    4^    X  4 

Braces   4|    x  3 

Nogging  pieces  (one  row)  4|    x  2  (1-4.) 

12.  Give,  to  a  scale  of  £"  to  a  foot,  sections,  at  right  angles  to 

the  direction  of  the  floor  boards,  showing  the  difference 
between  a  double  and  a  framed  floor. 

The  double  floor  to  be  finished  with  1^"  rebated  boards, 
and  the  framed  floor  with  ly  battens,  rebated  and 
filleted. 

Their  names  to  be  written  against  the  different  mem- 
bers. (15.) 

13.  Draw,  to  a  scale  of  ^,  a  horizontal  section  through  a 

window  jamb  in  a  14"  wall,  showing  the  details  of  a  cased 
frnme  for  2"  double  hung,  moulded,  sashes. 

Give  the  section  of  the  sash  style,  and  write  theii* 
names  and  dimensions  against  the  different  members  of 
the  frame.  (16.) 

(530)  9 
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•14.  Front  elevation  of  a  framed  and  braced  door  with  6"  Btyles, 
?"  top  rail,  9  '  bottom  rail,  10"  lock  rail,  and  6"  braces, 
and  filled  in  with  5'^  battens. 

Draw,  to  a  scale  of  -j^,  showing  by  dotted  lines  the 
members  at  the  back  of  the  door.  (16.) 


Second  Stage  or  Advanced  Examination. 

Instbuctions. 
Read  the  General  Insiractions  at  the  head  of  the  Elementary 
paper. 

You  are  only  pennitted  to  attempt  six  questions. 

21 .  What  is  the  silver  grain  or  felt,  in  oak,  due  to  P 

Give  sketches  showing  the  difference  between  the  ap« 
pearance  of  the  cross-section  of  an  oak  and  a  pine  log. 

(12.) 

22.  In  Portland  stone  explain  the  difference  between  what  is 

known  as  "  roach  "  and  "  base  bed.'* 

State  in  general  terms  the  purposes  for  which  they  are 
most  suitable.  (12.) 

23.  The  struts  of  an  iron  roof  are  to  be  formed  of  bar-iron 

Give  an  elevation,  to  a  scale  of  1^'  to  a  foot,  of  one  of 
the  stmts,  3^  ft.  long ;  and  any  other  details  necessary 
to  explain  its  construction.  (12.) 

*24.  Elevation  of  a  beam  fixed  at  one  end  and  loaded  at  the 
other  to  its  limit  of  safety. 

Supposing  the  load  were  shifted  to  a  point  2  feet  from 
the  support,  what  additional  weight,  in  the  shape  of  an 
uniform  load,  could  be  added  to  the  beam  without  ex- 
ceeding its  limit  of  safety  ?  (1^-) 

♦25.  Plan  of  two  successive  courses  of  a  brick  chimney  shaft 
built  in  ordinary  chimney  or  stretcher  bond. 

Draw,  to  a  scale  of  -];V,  showing  how  the  bricks  are 
laid,  and  give  the  name  by  which  the  partition  between 
the  flues  is  known.  (1^0 

*26.  A  line  diagram  of  an  iron  roof  truss. 

Draw,  to  twice  the  scale,  showing  by  single  lines  the 
members  in  tension,  and  by  double  lines  those  in  com- 
pression. 

Give  a  line  diagram  of  a  timber  truss  for  the  same 
span.  (14.) 

*27.  Section  of  part  of  a  double  floor. 

Draw,  to  a  scale  of  f"  to  a  foot,  adding  sound  boarding 
and  pugging,  a  wooden  binder  12"  x  8",  ceiling  joists 
Ji"  X  2",  and  a  latb  and  plaster  ceiling.  (16.) 
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•28.  Section  of  the  base  of  a  stone  wall,  resting  on  a  concrete 
foundation. 

Draw,  to  a  scale  of  j^i  showing  rabble  work  built  up 
to  courses,  and  making  any  alteration  you  think  neces- 
sary. (16.) 

29.  Draw,  to  a  scale  of  ^,  a  cross-section  through  four  3"  X  2" 
rafters  of  an  Italian  corrugated  zino  roof,  showing  the 
zinc  and  how  it  is  secured.  (1^0 

*30.  Plan  of  a  slate  roof  and  chimney  shaft. 

Draw,  to  a  scale  of  ^"  to  a  foot,  a  vertical  section 
through  A— A,  showing  how  the  rafters  would  be 
trimmed  round  the  shaft,  and  how  the  lead  guttering 
and  flashings  would  be  fixed.  (16*) 

*31.  Cross  section  showing  the  upper  flange  of  a  plate  girder, 
with  i"  flange  plates,  ^"  web,  and  4"  x  4"  x  i"  angle 
irons. 

Draw  to  a  scale  of  •}-,  adding  |"  rivets  where  neces- 
sary. 

Also  give  a  side  elevation  of  same,  showing  the  joints 
of  the  flange  plates  grouped  between  two  ^"  covers  3'  4" 
long ;  the  rivets  to  have  a  4'^  pitch.  (13) 

32.  Give  plans  showing  the  diflerence  between  an  open  newel 
stair  and  a  geometrical  stair,  the  distance  from  floor  to 
floor  being  10  feet. 

Show  a  quarter  space  resting  place  to  the  first,  ahd  a 
half  space  to  the  last. 

Give  a  section,  half  full  size,  of  a  suitable  handi*ail 
with  an  iron  core.  (IS-) 


Honours  EzaminatioxL 

Instructions. 


Bead  the  General  Instructions  at  the  head  of  the  Eiementacy 
paper. 

You  are  only  permitted  to  attempt  eight  questions. 


41.  Explain  the  meaning  of  the  **  Limit  o^  Elasticity  *'  of  a 

metal.  In  wrought  iron,  about  .what  ratio  does  the 
limit  of  elasticity  bear  to  its  ultimate  strength  ?      (8.) 

42.  Supposing  you  were  shown  two  fitacks  of  timber  in  b&Ik, 

one  being  Riga,  and  the  other  Dantzic  fir,  how  would 
you  know  one  from  the  other,  from  the  appearance  of 
the  timber  alone,  apart  from  any  marks  on  it  P-       (8.) 

B  2 
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43.  WHat  are  the  characteristics  of  good  slates  P 

Mention  anj  simple  tests  bj  which  you  could  jud| 
their  quality. 

Give  the  names  and  dimensions  of  two  sizes  of  4 
in  common  nse  for  roofing  purposes.  ,       (| 

44.  State  what  different  classes  of  limestone  are  usedj 

building  purposes,  and  the  kind  of  work  for  which  i 
are  most  suitable.  (t 

45.  Qive  sketches  of  a  3'light  window  in  each  of  the  folk 

styles  of  architecture: — Decorated,  Flamboyant, 
Geometrical,  and  state  the  periods  during  which 
flourished.  (i 


NT 


46.  Draw,  to  a  scale  of  •}-,  a  fully  dimensioned  cross  eectioil 

the  centre  of  a  plate  girder  2  feet  deep,  to  cany  a 
form  dead  load  of  40  tons  over  a  30  feet  span, 
rivets  to  be  |".     All  necessary  calculations  to  be  give 

Show  ly  a  diagram  how  the  shearing  stress  wiU  I 
distributed  over  the  girder.  (8.) . 

47.  Give  sketches  showing  the  constmction  of  two  differel 

kinds  of  fireproof  floors,  suitable  for  a  store  of  a  widl 
necessitating  the  use  of  columns.  (3*)  [ 

48.  Describe,  with  explanatory  sketches,  how  you  would  la^ 

out  the  drains  on  an  estate,  and  how  you  would  conne<a 
the  same  with  the  houses,  with  a  view  to  thorough 
sanitary  efficiency.  (8.) 

1 

49.  Draw  a  line  diagram  of  an  iron  roof  truss  for  a  gooda ' 

shed,  40  feet  wide. 

Give  the  approximate  dimensions  of  the  various  sec« 
tions  used,  and  working  drawings,  ^  full  size,  of  the 
diffei*ent  types  of  joints  employed.  (\0.) 

50.  In  building  a  dwelling-house  with  16''  hollow  brick  walls, 

would  you  place  the  4^'^  skin  on  the  outside  or  inside  P 
State  the  reasons  for  and  against  each  method. 
Taking  an  ordinary  window  opening  with  a  gauged 
straight  arch,  show  by  sketches  how  you  would  finish  off 
the  brickwork  around  it,  so  as  to  guard  against  the  pene- 
tration of  rain.  (10.) 

51.  A  conservatory  is  to  be  glazed  with  26  oz.  sheet  glass. 

Give  full  size  sections  showing  at  least  two  different 
methods  of  procuring  a  watertight  roof  without  the  use 
of  putty ;  not  omitting  the  horizontal  joints.         (10.) 


Digitized  by  VjOOQIC 


NTi 


<- 


/ 


Digitized  by  VjOOQIC 


27. 


1887. 


'^—  14- 


V/ 


(A 


i 


r-ii) 


Digitized  by  VjOOQIC 


m. — ^BUILDINO  0ONSTRT70TION.  21 

52.  The  drawing-room,  16'  x  17'  X  10',  in  an  ordinary  red 
brick  dweUing,  is  on  the  ground  floor.  At  one  end  there 
is  a  3  feet  window  opening  in  an  18"  wall,  which  is  to 
be  opened  oat  to  a  width  of  8  feet,  to  form  a  bay 
window  4  feet  deep.  There  is  a  bedroom  window  directly 
over  the  drawing-room  window. 

Give,  to  a  scale  of  8  feet  to  an  inch,  a  plan,  elevation, 
and  section  of  the  proposed  addition.  (10.) 


SUBJECT  m.    BUILDING  CONSTBUGTION. 

ExAMiKEB,  COLONEL  SBDDON,  B.B, 


HononiB  Examination.— Work  to  be  done  at  Home. 


Insteuctions. 

This  j^a^per  is  to  he  worked  by  ihe  Candidate  at  his  oton  home. 
The  drawings  are  to  he  sent  hy  post  to  the  Secretary^  Science  and 
Art  Department^  SotUh  Kensington^  on  or  hefore  the  1&&  of  June, 
They  need  not  he  prepaid,  * 


A  design  is  required  for  a  building,  in  a  country  village,  to 
contain  two  rooms  abont  25'  X  4*5',  one  for  use  as  an  adult  night 
school,  and  the  other  as  a  recreation  room  and  library ;  also  an 
ofiSce  for  the  librarian,  and  a  quarter  comprising  three  bed« 
rooms,  a  sitting-room,  kitchen,  and  offices.  The  school  and 
recreation  room  to  be  capable  of  being  opened  up  into  one 
large  room,  when  required  for  special  purposes. 

The  site  has  a  90  feet  frontage  with  a  depth  of  82  feet ;  at 
about  2  feet  below  the  ground  level  a  rather  soft  bed  of  clay  is 
met  with. 

The  walls  are  to  be  of  coursed  rubble  with  an  inner  lining  of 
brick. 

All  the  work  must  be  sound  and  good,  the  rooms  conveniently 
arranged,  and  all  sanitary  requirements  carefully  attended  to. 

Plans  and  elevations  to  be  drawn  to  a  scale  of  8  feet  to  an 
inch,  sections  to  twice  the  scale  of  the  plans,  and  enlarged  details 
to  be  given  as  may  be  required.  A  small  site  plan  to  be  given, 
showing  positions  of  any  out-offices. 
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The  drawings  mn$t  be  fnlly  dimensioned,  and  anflSoiently 
complete  to  allow  of  accnrate  bills  of  quantities  being  taken  oat 
from  them,  with  the  exception  of  out-buildings,  which  need  onlj 
be  shown  on  the  general  plan. 

The  approximate  cost  of  the  block,  ascertained  hj  cubing  out 
the  contents,  to  be  stated,  and  a  short  description  given  of  the 
materials  proposed  to  be  employed,  and  of  any  points  reqniring 
special  explanation. 


The  following  voucher  mtut  he  signed  and  returned  wUh  tJie 
worked  dramngs : — 


hereby  certify  on  my  honour  that  the  drawings  sent  in  by  me, 
for  the  Honours  Examination  in  Building  Construction  and 
Drawing,  have  been  wholly  done  by  me,  and  without  assistance 
from  any  person. 


(Signed). 


No. 


The  aboTe  number  must  be  quoted  on  each  separate  sheet  of 
drawings  worked  Iqr  you. 


SUBJECT  17.    NAVAL  ABGHITECTUBE. 

BxAMi.\KB,  J.  H.  MORRISON,  Esq.,  R.C.N.O. 


Genxbal  Instbitctioks, 
If  the  rules  are  not  attended  to,  the  paper  wUl  be  cancelled* 

You  may  take  the  Elementary,  or  the  Advanced,  or  the 
Honours  paper,  but  you  must  confine  yourself  to  one  of  them. 
Sketches,  required  to  be  made  to  scalcy  must  he  inked  in  toUh 
drawing  pen, 
^  Put  the  number  of  the  question  before  your  answer. 
'  You  are  to  confine  your  answers  strictly  to  the  questions 
proposed. 

Your  name  is  not  given  to  the  Examiner,  arid  you  are  for- 
*bidden  to  write  to  him  about  your  answers. 
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The  value  attached  to  each  qnestion  is  shown  in  brackets 
after  the  question.  A  full  and  correct  answer  to  an  easy 
qnestion  will  in  all  cases  secure  a  larger  nnmber  of  marks  than 
on  incomplete  or  inexact  answer  to  a  more  difficult  one. 

The  examination  in  this  fuhject  lasts  for  four  howrs. 


First  Stage  or  Blementary  BxamipatJon. 

Insteuctions. 
Yon  a]?e  only  permitted  to  attempt  ten  questions. 

Ton  must  attempt  No,  21.  Two  of  the  remaining  questions 
may  be  selected  from  the  Calculations;  and  the  rest  from 
one,  but  not  from  both,  of  the  sections  of  Practical 
Shipbuilding. 


PRACTICAL  SHIPBUILDING.— SECTION  L 
WOOD  AND  COMPOSITE  SHIPS. 


1.  How  would  yon  trim  a  piece  of  keel  P    At  what  stage  oi 

the  work  would  you  complete  the  cutting  out  of  the 
rahbete  for  the  garboard  strakes  ?  (10.) 

2.  What  is  a  "  futtock  P  "    How  would  you  side  and  mould 

one?  (12.) 

3.  The  floors  and  f uttocks  of  one  frame  of  a  small  vessel  are 

trimmed,  how  should  they  be  secured  together  so  that 
the  fnune  may  be  hoisted  into  position  upon  the  blocks  P 

4.  Distinguish  between  "  chain  "  bolting  and  "  frame  "  bolting. 

Usuallyy  chain  and  frame  bolts  axe  of  square  iron,  give 
the  reason  for  using  this  form  of  iron.  (8.) 

5.  Show  by  a  rough  sketch  the  method  usually  adopted  in 

Bcarphing  the  stem  of  a  wood  ship  to  the  foremost  piece 
of  keel.  (8.) 

6.  How  would  you  take  an  account  of — 

(a.)  The  correct  length  of  a  wood  beam ; 

(6.)  The  be?ellings  of  its  ends  P  (12.) 

7.  How  are  the  frame  angles  of  a  composite  ship  bent  to  form 

and  bevelled  P  (8.) 

8.  Explain  with  a  rough  sketch  how  the  frame  bar,  reverse 

frame  bar,  and  floor  plate  are  connected  together  in  n 
composite  ship,  luid  show  the  riveting.  (8.) 
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9.  How  woald  you  fit,  and  secure  in  place,  a  piece  of  wood 
bilge  keel  in  a  composite  ship  P  (8.) 

].0.  The  bottom  planking  of  a  composite  ship  is  in  two  thick- 
nesses.  Describe  the  work  to  be  done  in  "fastening" 
^ach  thickness  to  ensure  efficient  workmanship.    (12.) 


PRACTICAL  SHIPBUILDING.— SECTION  H. 
mON  AND  STEEL  SHIPS. 

11.  Mention  the  different  parts  which  form  an  ordinary  trans- 

verse frame  in  an  iron  or  a  steel  ship.  (6.) 

12.  Bef erring    to    question    No.    11,   explain    how   far    each 

part  extends,  and  show  how  the  different  parts  aro 
riveted  together.  (8.) 

18.  Where  are  frame  angle  bars  usually  butted?    How  are 
they  secured  at  the  butts  ?  (8.) 

14.  What  is  the  difference  between  a  flat  keel  and  a  side-bar 

keel  P  Show  in  each  case  how  the  butts  would  be  con- 
nected and  ^tened  together.  (10.) 

1 5.  Whv  is  it  important  that  care  should  betaken  in  the  proper 

shoring  and  ribbanding  of  the  frames?  If  any  frame 
does  not  conform  to  the  curves  of  the  ribbands,  how 
would  you  attempt  to  remedy  the  evil  P  (8.) 

16.  Show  by  a  sectional  sketch  the  form  of  stem  in^^ 

(a.)  A  large  armour  clad ; 

(5.)  A  small  mercantile  iron  or  steel  vessel.         (8.) 

17.  Beferring   to  question   No.   16,    show  how   the   bottom 

plating  would  be  fastened  to  the  stem  in  each  case. 

(8.) 

18.  Two  pieces  of  a  large  iron  stem  are  to  be  connected  by  a 

scarph  and  through  iron  rivetfl.  How  would  you  prepare 
the  holes  and  proceed  with  the  riveting  of  the  scarph  to 
ensure  good  workmanship  P  (12*) 

19.  Explain  how  the  work  of  framing  a  mercantile  ship  of  the 

ordinary  type  is  proceeded  with.  (12.) 

20.  Briefly  explain  the  work  in  connection  with  the  ''  plating  " 

of  the  bottom  of  an  iron  or  a  steel  ship.  (12.) 

DRAWING. 

21.  What  does  sketch  No.  21  represent  ?    It  is  on  a  scale  of 

^"  to  1',  enlarge  it  to  a  scale  of  ^"  to  1',  and  show  upon 
it  a  station  4'  9"  abaft  F.P.  j  and  a  water-line  9'  6"  above 
keel.  (14) 
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CALCULATIONS. 

22.  The  total  area  of  the  deck  plan  of  a  yessel  is  4,500  square 

feet,  what  would  be  the  surface  of  deck  plank  to  be 
worked  if  there  are — 

4  hatchways,  each    4i  X  2Y 
2        do.         do.    10' X  6' 

and  two  circular  skylights,  each  4  feet  in  diameter,  over 
which  no  plank  is  to  be  laid  ?  (6.) 

23.  Write  down  and  explain  Simpson's  2nd  Bnle  for  finding 

the  area  of  a  plane  sarface. 

The  "  half "  ordinates  of  the  water-plane  of  a  vessel 
in  feet  are  respectively,  commencing  from  abaft — 

2,  6-5,  9-3,  10-7,  11,  11, 10,  74,  3-6,  and  -2 
and  the  common  interval  between  them  is  15  feet.    Find 
the  area  of  the  plane  in  square  feet.  (10.) 

24.  A  piece  of  African  oak  keelson  is  24'  X  12"  x  10'',  what  is 

its  weight  P  (6.) 

25.  A  steel  plate  is  of  the  form  and  dimensions  shown,  what  is 

its  weight  P 


(6.) 


Beoond  Stage  or  Advanced  Wxamfaatlon. 

Instructions. 

Bead  the  (General  Instructions  at  the  head  of  the  Elementary 
paper. 

Yon  are  only  permitted  to  attempt  twelve  questions. 

Ton  must  attempt  No.  54.  The  remaining  questions  may  be 
selected  from  any  part  of  the  paper,  provided  that  one  or  more 
be  taken  from  eacn  section,  viz..  Practical  Shipbuilding,  Laying 
Off,  and  Calcnlations. 

PRACTICAL  SHIPBUILDINQ. 

Wood  and  Compositb  Ships. 

81.  Show  by  a  rough  sketch  the  method  usually  adopted  in 
scarphing  the  stem  of  a  wood  ship  to  the  foremost  piece 
of  keel;  and  state  why  it  is  important  that  the  stem 
should  be  converted  from  timber  of  the  necessary  curva- 
ture. (6.) 
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32.  How  are  fillings  between    ilie  frames  of    a   wood  sbip 

usually  fitted  and  caulked?  Why  are  such  fillings 
worked  ?  (6.) 

33.  At  what  stage  of  the  work  and  for  what  reasons  would  you 

proceed  with  the  chain  bolting  of  the  wood  frames  ? 

(4.) 

34.  What  is  a  cant  floor  ?    How  would  you  trim  one  ?      (8.) 

35.  Mention  the  different  assemblages  of  inside  plank  worked 

on  the  frames  of  wood  ships,  and  point  out  in  what 
cases  their  value  as  longitudinal  ties  is  of  minor  import- 
ance. (6.) 

36.  What  are  the  {general  re(|uirements  of  Lloyd's  Register  for 

floor  plates  m  composite  vessels  ?  (6.) 

37.  Sketch  roughly  a  method  of  connecting  the  flat  keel  plate  and 

the  verticiJ  keelson  with  the  wood  stem  in  a  composite 
vessel.  (6.) 

88.  Sketch  roughly  a  portion  of  the  transverse  framing  extend- 
ing  from  the  middle  line  to  the  water  line  of — 

A  meroaatile  composite  vessel. 

A  recent  type  of  war  composite  vessel. 

(8.) 
How  would  you  trim,  and  secure  in  place,  a  piece  of  wood 
bilge  keel  in  a  composite  vessel  P  (8.) 


(1.) 
(2.) 


Iron  and  Stb«l  Ships. 

40.  Describe  the  tests  to  which  steel  angle  bars  are  subjected 

to  ascertain  if  they  are  fit  for  use.  (6.) 

41.  How  would  you  adjust  and  prove  the  frames,  reverse  frames, 

an4  floor  plates  of  a  mercantile  iron  or  steel  vessel  of 
tte  ordinary  type  before  riveting  them  together  ? 

(6) 
42«  Show  by  a  rough  sketch,  and  briefly  describe,  an  arrange- 
ment of  skid  blocks  which  is  frequently  used  to  facilitate 
the  erection  of  the  frames  upon  the  permanent  blocks. 

(6.) 

43.  Explain  how  the  work  of  framing  a  mercantile  ship  of  the 

ordinary  type  is  proceeded  with.  (8.) 

44.  Sketch  roughly  an  iron  or  a  steel  stem-post  of  a  screw  ship, 

showing  how  it  is  connected  with  and  fastened  to  the 
keel.  (6.) 

45.  Whv  are  the  bilge  strakes  frequently  worked  thicker  than 

the  adjacent  strakes  of  plating  ? 

In  what  types  of  transverse  framing  of  mercantile 
and  war  ships,  and  for  what  reasons,  should  particular 
attention  be  given  to  the  strength  of  the  plating  at  the 
turn  of  the  bilge?  (6.) 
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46.  Show  a  good  disposifcion  of  butts  of  bottom  plating.    State 

dimensions  of  plates  and  spacing  of  frames.  Show  on  a 
large  scale  the  rivets  in  a  butt,  an  edge,  and  at  a  frame 
station.  (8.) 

47.  Indications  of  straining  at  some  of  the  butts  of  the  outer 

bottom  plating  of  long  vessels  are  sometimes  found  when 
such  vessels  are  docked. 

In  what  parts  of  such  plating,  and  for  what  reasons, 
would  you  expect  to  find  these  indications  P  Explain 
with  a  rough  sketch  a  simple  and  inexpensive  method  of 
stiffening  such  butts.  (8.) 

48.  What  principles  onght  to  govern  the  construction  of  water- 

tight bulkheads,  so  that  the  greatest  stiffness  and  strength 
to  resist  water  pressure  may  be  obtained  with  the  least 
wei^t  of  material  P  (6.) 

LAYING  OFF. 

49.  Define  body  plan,  sheer  plan,  half -breadth  plan,  and  state 

briefly  what  uses  are  made  of  them.  (6.) 

50.  The  stem  of  a  composite  vessel  has  both  rake  and  taper ; 

how  would  you  obtain  approximately  the  centre  of 
rabbet  P  (6.) 

51«  How  would  you  obtain  and  fair  on  the  Mould  Loft  floor  the 
parts  of  the  frames  in  wake  of  the  screw  shafts  of  a  twin 
screw  ship  p  (8.) 

62.  Bow  are  the  edges  of  the  outer  bottom  plates  obtained  and 
fkired  on  the  Mould  Loft  floor  P 

Show  roughly  in  the  body  plan  the  general  shape  of 
the  plate  edges.  (8.) 

53.  How  would  you  lay  off  the  moulding  edge  of  a  cant  frame 

in  the  Body  plan  ?  (6.) 

DRAWING. 

54.  Sketch  No.  54  is  on  a  scale  of  ^"  to  I^    Draw  it  on  an  inch 

scale,  showing  the  beam  knee  ]  and  the  riveting  in  the 
frame  angles  and  beam  knee.  (12.) 

CALCULATIONS. 

55.  The  half-ordinates  of  the  load-water  plane  of  a  vessel  in 

feet  comrnendna  from  abaft,  are  respectively  2^ ;  8  ;  11^ ; 
13^  ;  iSj;  12J;  9 J ;  4^ ;  and  J;  the  common  interval 
between  the  ordinates  being  16  feet ;  find — 

(1.)  The  area  of  the  plane. 

(2.)  The  lon^tudinal  position  of   its  C.G.  abaft  the 
foremost  ordinate.  (8.) 
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56.  Write  down  and  explain  Simpson's  2nd  Rule  for  finding 

tlie  area  of  a  plane  surface. 

The  half  ordinates  of  a  water  plane  of  a  vessel  in  feet 
are  respectively,  commencing  from  abaft : — 2 ;  6*5 ;  9*3  j 
10-7;  11;  11;  10;  7*4;  36;  and  %  and  the  common 
interval  is  14  feet.    Find  the  area  of  the  plane  in  sq.  ft, 

(8.) 

57.  Having  given  the  dimensions  on  the  load^water  plane, 

state  the  practical  rules  by  which  a  close  approximation 
may  be  made  to  the  weight  which  mnst  be  added,  or 
removed,  to  change  the  mean  draught  of  water  one  inch, 
in  three  different  types  of  vessels.  (6.) 

58.  Define  displacement.     The  areas  of  the  vertical  transverse 

sections  of  a  ship  up  to  the  load- water  plane  in  sq.  ft.  are 
respectively  25;  100;  145;  250;  470;  290;  220;  165; 
and  30 ;  and  the  common  interval  between  them  is  20  ft. 
The  displacement  in  tons  before  the  foremost  section  is  5, 
and  abaft  the  aftermost  section  is  6.  Find  the  load  dis* 
placement  of  the  ship  in  tons  and  in  c.  ft.  (6.) 

59.  Write  down  and  explain  the  formula  giving  the  height  of 

the  transverse  metacentre  above  the  centre  of  buoyancy. 
State  clearly  the  use  that  can  be  made  of  this  heignt 
by  the  naval  architect  when  he  knows  it  for  any  parti- 
cular vessel.  (6.) 

60.  What  principle  should  be  followed  in  arranging  the  fasten- 

ings in  a  stringer  plate  at  the  beams  and  at  the  butts  P 

A  stringer  plate  is  42"  x  ^" ;  show  the  riveting  in  a 
beam  and  at  a  butt,  stating  size  and  pitches  of  rivets,  and 
show  that  the  arrangement  you  give  is  a  good  one. 

(8.) 


Honoun  Ezaminatioxu 

Instructions. 

Bead  the  General  Instructions  at  the  head  of  the  Elementary 
paper. 

You  are  only  permitted  to  aMempt  fourteen  questions.  You 
may  select  these  from  any  parj)  of  the  paper,  provided  that  one 
or  more  be  taken  from  each  section,  viz.,  Pi'actical  Shipbuilding, 
Laying  Off,  and  Calculations. 

PRACTICAL  SHIPBUILDING. 

Wood  and  Composite  Ships. 
71.  Give  a  rough  sketch  of— 

(1^  a  plain  scarph, 

(2)  a  hook      do. 

(3)  a  tabled  do. 

and  state  where  each  is  commonly  used.  (6.) 
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72.  Where  and  for  wliat  reasons  have  cant  floors  been  nsed? 

How  would  yoa  side  and  moald  a  cant  floor  P  (8.) 

73.  Mention  the  difl^erent  assemblages  of  inside  plank  worked 

on  the  frames  of  wood  ships,  stating  where  they  are 
fitted.  Point  out  in  what  cases  their  value  as  longitu- 
dinal ties  is  ef  minor  importance.  (6.) 

74.  How  would  jou  trim  a  piece  of  stem  for  a  composite  ship  P 

75.  Sketch  roughly  a  midship  section  of  a  composite  vessel,  and 

mark  upon  it  the  names  of  the  different  parts.        (8.) 

7G.  Referring  to  question  No.  75,  give  the  sizes  of  each 
of  the  principal  parts  in  any  vessel  with  which  you  are 
acquainted,  stating  the  dimensions  of  the  vessel  you  take. 


Ibon  akd  Stesl  Ships. 

77.  How  are  Z  ^^^  frames  bevelled  and  bent  to  their  proper 

curvature  P  (6.) 

78.  Show  by  rough  sketches  a  method  which  has  been  adopted 

in  the  framing  of  ships  where  the  transverse  frames  aro 
alternately  continaous  and  intercostal.  (8.) 

79.  Bef erring  to  question  No.  78,  give  the  reasons  for  adopt- 

ing such  an  arrangement.  (6.) 

80.  A  portion  of  the  framing  of  a  steel  ship  is  in  place  and 

ready  to  receive  the  bottom  plates.  Describe  the  work 
in  connection  with  the  preparation  of  the  bottom  plates 
and  fitting  them  to  the  frames.  (8.) 

81.  Give  the  reasons  for  the  small  differences  in  the  thickness 

of  outer  bottom  plates  in  ships  varying  greatly  in  size. 

In  what  parts  of  ships  and  for  what  reasons  is  the 
outer  plating  doubled  ?  (6.) 

82.  Explain  how  the  bottom  plating  is  fitted  and  secured  to  the 

stern-post — 

(a.)  In  a  small  mercantile  screw  vessel 

(5.)  In  a  large  armour-clad  ship.  (6.) 

83.  What  is  the  chief  value  of  diagonal  deck  tie  plates  P 

What  are  the  requirements  of  Lloyd's  Register  for 
such  ties  P  (6.) 

84.  Sketch  a  disposition  of  deck  plating  and  show  the  fasten- 

ings in  edges,  butts,  and  beams  where  the  plating  is  iu 
one  thickness.  (6.) 
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LAYING  OFF. 

85.  The  traces  of  a  plane  and  the  projections  of  a  point  not  in 
the  plane  being  given  in  the  sheer  and  half-breadth 
plans,  show  how  a  plane  may  be  drawn  which  shall 
contain  the  point  and  be  parallel  to  the  given  plane. 

(6.) 

8C.  How  would  you  obtain  and  fair  on  the  Monld  Loft  floor  the 
parts  of  the  frames  in  wake  of  the  screw  shafts  of  a 
twin  screw  ship  ?  (6.) 

87.  How  would  you  lay  off  the  moulding  and  bevelling  edges  of 

an  ordinary  harpin,  and  obtain  the  be  veilings  P       (6.) 

88.  How  are  the  lines  for  the  inner  bottom  plate  edges  of  a 

double-bottomed  ship  obtained  and  feired  P  (6.) 

89.  A  steel  mast  is  to  have  considerable  rake  and  taper.     How 

would  you  obtain  an  account  of  all  its  parts  in  order 
that  they  may  be  demanded  from  the  manufacturer  P 

(8.) 

CALCULATIONS. 

90.  The  '*  tons  per  inch  "  of  five  equi-distant  water  planes  of  a 

ship  are  respectively  9*8;  88;  7*6;  5*9  5  and  3*4;  the 
water  planes  being  2^  feet  apart. 

Below  the  lowest  of  the  planes  mentioned  is  an  ap- 
pendage of  60  tons. 

Calculate  the  displacement  in  tons  up  to  each  of  the 
water  planes.  (8.) 

91.  Referring    to   question   No    90,   construct  the    curve   of 

displacement  on  a  scale  of  f "  per  foot  of  draught,  and  f " 
per  100  tons  of  displacement,  the  lowest  water  plane 
mentioned  being  3  feet  above  the  keel.  (6.) 

92.  Obtain  the  expression  for  the  height  of  the  transverse  meia- 

centre  above  the  centre  of  buoyancy. 

The  displacement  of  a  vessel  is  400  tons,  and  the 
transverse  metacentre  is  5|  feet  above  the  centre  of 
buoyancy.  A  weight  of  12  tons,  already  on  board,  i^ 
moved  8  feet  across  the  deck,  find  the  inclination  of  the 
vessel  to  the  upright,  the  G.G.  of  the  vessel  being  3  feet 
above  the  C.B. 

tan  4*^  =  0-0699 
tan  6*  =  0-0875 
tan  e''  =  0-1051     * 

(6.) 
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93.  VThat  is  meant  by  "  moment  to  change  trim  "  P     Write 

down  and  explain  the  expression  which  gives  the 
moment  to  alter  trim  one  inch. 

Snppose  a  weight  of  moderate  amoont  to  be  pnt  on 
board  a  ship,  where  mnst  it  be  placed  so  that  the  ship 
shall  be  bodily  deeper  in  the  water  without  change  of 
trim  ?     Give  reasons  for  your  answer.  (6.) 

94.  A  transverse  iron  watertight  bnlkhead  is  worked  in  a  ship 

at  a  station  whose  semi-ordinates  are  (commencing  from 
below)  6;  9;  10};  11};  12^;  12};  and  12  f  eet  respec 
tively,  the  common  interval  being  2  feet.  ' 

Find  the  weight  of  the  bulkhead,  the  following  parti- 
culars being  given : — 

Plates,  lap  jointed,  lap  butted,  f  f "  for  lower  5  feet, 
single  riveted \  ^"  for  upper  7  feet. 

Angle  bar  stiffeners  24"  apart  on  1  qi „     „,„  ^   s  " 
one  side  of  bulkhead t "^  ^  ^*    ^"- 

95.  Distinguish  between  hogging  and  sagging  strains.  A  vessel 

has  an  excess  of  weight  amidships,  to  what  conclusion 
would  you  generally  arrive  as  to  me  strains  produced  ? 

Point  out,  illustrating  your  remarks  by  a  simple  ex- 
ample, that  your  general  conclusion  might  not  be  correct 
in  some  cases.  ^  (8.) 

96.  What  are  the  causes  which  influence  the  forms  of  curves  of 

stability  ? 

Give  an  example  of  such  curves^for — 

(1.)  A  low  freeboard  mastless  armour-clad. 
(2.)  A  high  freeboard  cruizerwith  large  sail  spread. 

(6.) 

97.  Explain  how  lifeboats  are  designed  to  automatically  right 

themselves  when  capsized,  and  to  free  themselves  of 
water  when  swamped.  (6.) 


SUBJECT  17.    NAVAL  ABCHITECTUBE. 

ExAMiNEB,  J.  H.  MORKISON',  Esq.,  B.C.KG. 


Honours  Ezainination.>~Work  to  be  done  at  Home. 

Instructiofs. 
This  paper  is  to  he  worked  by  the  Candidates  at  their  oivn  homes. 
The  drawing  and  calculations  are  to  he  sent  hy  post  to  the  Secre^ 
tary^  Science  arid  Art  Department^  South  Kensington,  on  or  he/ore 
the  18th  of  June,    They  need  not  he  prepaid. 
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101.  From  the  particulars  given  on  sketch  No.  101,  i 
complete  building  draught  on  a  scale  of  ^  inch  to 
and  calculate : — 

(1.)  The  displacement  in  tons  up  to  water  li 
3^  5^,  7^,  9|,  11^,  and  13^  feet  respectiirel]| 

(2.)  The  vertical  and  longitudinal  positions 
centre  of  buojany  of  the  vessel  when  float 
the  draught  13  feet  forward,  14  feet  aft. 


The  following  voucher  must  he  signed  and  returned  loi 
worked  drawing : — 

I, . 

hereby  certify  on  my  honour  that  the  drawing  and  calcult 
sent  in  by  me,  for  tne  Honours  Examination  in  Naval  Arcfl 
ture,  have  been  done  wholly  by  me,  and  without  assistanoe  I 
any  person. 

(Signed) 

No. . 


The  above  number  must  be  quoted  on  each  separate  si 
drawings,  Ac.,  worked  by  you. 


STTBJECT  Y.     FUBE  MATHEMATICS, 
STAGES  1,  2,  A  3. 

EiAMiNKBS,  Rkv.  J.  F.  TWISDBN,  M.A.,  akd 
A.  R.  WILLIS,  Esq.,  M.A.,  D.Sc. 


OBinBRA.L  Instbuctions. 
If  the  rules  are  not  attended  to,  your  papers  will  be  cancelled. 

You  are  permitted  to  answer  questions  from  the  First  Stage, ' 
or  from  the  Second  Stage,  or  from  the  Third  Stage,  or  from  the 
Honours  Paper,  but  you  must  confine  yourself  to  one  of  them. 

Put  the  number  of  the  question  before  your  answer. 

Every  page  of  the  paper  supplied  for  the  answers  may^be 
used. 

You  are  to  confine  your  answers  strictly  to  the  questions 
proposed. 


Digitized  by  VjOOQIC 


I 
1 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQIC 


v.— Pimi!  MA'THBMATIGS,  StAQES  1,  2,  &  3.  33 

Yonr  name  is  not  given  to  the  Examiners,  and  jon  are  tor- 
bidden  to  write  to  them  about  your  answers. 

All  the  work  by  which  a  result  is  obtained  must  be  clearly 
shown  in  immediate  connesnon  with  the  question.  No  credit  will 
be  allowed  for  any  result,  however  correct  it  may  be,  unless  the 
work  be  shown,  so  as  to  enable  the  Examiners  to  satisfy  them- 
selves that  the  candidate  has  understood  the  question,  and  to 
see  by  what  process  the  result  has  been  obtained. 

Anything  which  you  do  not  wish  the  Examiners  to  notice 
should  be  crossed  out  with  the  pen. 

A  table  of  logarithms  must  not  be  used  in  working  these 
papers.  All  the  logarithms  needed  will  be  found  on  the  accom^ 
panying  paper. 

Unless  you  expressly  state  the  contrary,  it  will  be  cusumed  thai 
you  ha/ve  read  Geometry  in  Euclid,  and  you  will  he  expected  to 
follow  EucUd^s  sequence.  Otherwise,  you  must  state  what  text 
hook  you  have  used  in  geometry. 

The  examination  in  this  subject  lasts  for  three  a/nd  a  half  hours. 


Mathezziatios^  First  Stage. 

IirSTBUCTIOKS. 


Bead  the  Oeneral  Instructions  above. 

The  paper  is  divided  into  three  sections.  You  are  not  to 
answer  more  than  three  questions  in  any  one  section,  and  not 
more  than  eight  questions  altogether.  No  student  can  be  passed 
who  fails  to  obtain  marks  in  any  one  section. 

The  number  of  marks  assigned  to  each  question  is  given  in 
brackets. 


Section  A. 
A 


l.Mdtip.,l-^.j^,.Vl-j,,5^. 

DiTide  0-2  x  03  -5-  000012b7(5719  x  r^)+  (03  x  1-2  x  9). 

(10.) 

2.  Extract  the  square  roots  of  0*51  and  0*051  to  four  places  of 

decimals.  (8.) 

3.  Subtract  0*0625  of  £113  16s.  Sd.  from  H  of  £50  6s.  6(7., 

and  find  the  number  by  which  the  result  must  be  mul- 
tiplied to  produce  £965  Us.  ed.  (10.) 

4.  Find  the  amount  of  £512  in  1^  years  at  2^  per  cent,  per 

annum :  first,  at  simple  interest ;  secondly,  at  compound 
interest,  supposing  that  the  interest  due  is  added  at  the 
end  of  each  half-year.  (Fractions  of  a  penny  may  be 
neglected.)  (8.) 

(530)  0 
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5.  Giyen  that  a  m^tre  is  3*3708  inches  lon^r  than  a  yard, 

find  which  is  greater,  10  square  metres,  or  12  square 
yards ;  and  express  the  difference  between  these  areas  as 
a  decimal  of  a  square  m^tre  correct  to  three  places. 

(10.) 

6.  A  man  pays  away  half  his  money  to  A,  a  third  of  what  he 

has  left  to  B,  and  a  6fth  part  of  what  he  still  has  left 
to  C  ;  if  after  these  payments  he  has  128,  8J.  left,  how 
much  had  he  at  first  r  (j^^^) 

Section  B. 

7.  Two  triangles  are  on  the  same  base  and  on  the  same  side  of 

it,  and  the  two  sides  terminated  in  one  extremity  of  the 
base  are  equal,  then  the  two  sides  terminated  in  the  other 
extremity  of  the  base  are  unequal.  Prove  this  when  the 
vertex  of  the  one  triangle  falls  within  the  other. 

If,  within  the  triangle  ABO,  there  be  such  a  point  D 
that  AC  and  AD  are  equal,  show  that  AB  is  longer  than 
AC.  (12.) 

8.  In  the  triangles  ABC,  DEP,  the   sides  AB,  BC,  CA  are 

respectively  equal  to  DE,  EF,  FD;  show  that  the  angle 
A  is  equal  to  the  angle  D. 

If  a  qaadrilateral  has  its  opposite  sides  equal,  show 
that  its  opposite  angles  are  equal.  (1-0.) 

9.  Show  how  to  draw  through  a  given  point  a  straight  line 

parallel  to  a  given  straight  line. 

When  are  two  straight  lines  sail  to  be  parallel  ? 

State  the  property  of  parallel  straight  lines  assumed  in 
the  solution  of  the  above  problem,  (10.) 

10.  Show  that  \f  a  side  of  a  triangle  is  produced,  the  exterior 

angle  thus  formed  is  equal  to  the  two  interior  and 
opposite  angles. 

ABC  is  a  triangle  having  the  sides  AB,  AC  equal; 
in  AB  take  any  point  D,  and  produce  CA  to  E,  making 
AE  equal  to  AD ;  show  that  ED  produced  cuts  BC  at 
right  angles.  (12.) 

11.  If  a  parallelogram  and  a  triangle  are  on  the  same  base  and 

between  the  same  parallels,  show  that  the  parallelogram 
is  double  of  the  triangle. 

AB  is  the  Iwise  of  a  given  parallelogram ;  show  how  to 
construct  a  rhombus  equal  in  area  to  the  parallelogram^ 
and  having  AB  as  a  diagonal.  (1^0 

12.  Given  two  straight  lines  AB,  AC,  show  how  to  describe 

an  equilateral  triangle  DEF,  whose  sides  are  of  a  given 
length,  so  that  D  and  E  may  lie  in  AB,  and  F  in  AC. 

Under  what  circumstances  will  D  and  E  lie  on 
opposite  sides  of  A?  iX^-) 
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Section  G. 

13.  If  «  =£  2  and  y  =  » ^,   find    the    numerical    values    of 

3(»  +  y)  -  2(»  -  y),  aj*y«,  aj^yB^  and  ^"Ey*         (Ig.) 

14.  Subtract       6a?  +  1  -  2  (»  +  6y)  -  {2  -  (aj  +  2i/  -  1)  } 

from  2  (2  -  y)  -  7x  -  2{1  -  3y  +  6  (y  -  ^5)}.     (10.) 

15.  Simplifj-2a*-  S^?^-*^^-  i{4c«  -  1(2^'+  ^V^))  ^nd 

divide  the  simpfified  expresffon  hj-x  +-^  *  (12) 

IC.  Find  the  greatest  common  measure  of  ar^  4-  3x-  —  25a:  +21 
and  2a?  —  9a:*  +  10-c  —  3,  *nd  write  down  these  exnres". 
sions  in  factors.  (12.) 

17.  Solve  the  ectuations-— 

(a.)    (2x  -  1)(3»  -  2)  -  (»  -  1)(«  +  1)  =  5(»  -  l)^. 
(6.)  b'5x  -  0-6y  =  1-38. 

3'^OT""^-  (14.) 

18.  Divide  279  into  two  parts  such  that  one-third  of  the  first 

part  is  less  by  15  than  onC'fifth  of  the  second  part. 

(14) 


Mathematics,  Seconcl  Stagd. 

Instrdctions. 

Read  the  General  Instructions  on  the  first  page. 

The  paper  is  divided  info  threb  sections.  You  are  not  to 
answer  more  than  three  questions  in  any  one  section,  and  not 
more  than  eight  questions  altogether.  No  student  can  be 
passed  who  fails  to  obtain  marks  iQ  any  one  section.  * 

The  number  of  marks  assigned  to  each  questioii  is  given' in 
brackets. 


Section  A, 


21.  Find  the  value  of  a/  (*^7r h )  *^  three  |)laces  of  deci* 

mals. 

.   Show,  without   exttacting  rdots,  that   ^^17+  ^19 

is  les^  than  6^/2.]  (15.) 
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22.  Find  the  product  of  i  +  ^i^^  + 1  and  ^-  ^,  and 

find  the  value  of  the  product  when  a  =  12  and  &=  18. 

(16.) 

23.  Solve  completely  the  equations : — 

(o.)    a?  -  2«a/3  +  2  =3  0. 

(6.)    flj?  +  ij  -  4(»  +  ?)  -  6  =  0. 

(c.)    «»-aB  +  y»-2y  =  U. 

a:y=    6.  (25.) 

24.  A  cistern  is  furnished  with  three  taps  A,  B,  C,  such  that 

A  and  B  running  together  can  fill  the  cistern  in 
6  minutes,  B  and  G  in  8^  minutes,  and  A  and  G  in  6f 
minutes.  If  A  alone  be  turned  on  for  2  minutes,  and 
then  B  alone  for  6  minutes,  how  long  will  it  take  G  alone 
to  complete  the  filling  of  the  cistern  P  (20.) 

25.  A  person  bought  a  certain  number  of  yards  of  cloth  for 

£2  108, ;  if  the  price  had  been  lOd.  a  yard  less  he  would 
have  obtained  3  yards  more  for  the  same  money;  find 
how  many  yards  he  bought,  and  the  price  per  yara. 

(20.) 

26.  A  body  is  made  up  partly  of  brass  and  partly  of  iron ;  if  the 

brazen  parts  had  been  iron,  and  the  iron  parts  brass,  its 
weight  would  have  been  f^ths  of  what  it  actually  is. 
Given  that  the  weights  of  equal  volumes  of  brass  and 
iron  are  as  9  to  7,  find  how  much  of  the  volume  is  of 
iron,  and  how  much  of  brass.  (25.) 


SecHon  B, 

27.  Show  how  to  describe  a  square  equal  to  a  given  rectilineal 

figure. 

Show  how  to  describe  a  rectangle  eqnal  to  a  given 
square  and  having  a  perimeter  double  that  of  the  square. 

(20.) 

28.  If  a  diameter  of  a  circle  cuts  a  chord,  which  is  not  a 

diameter,  so  as  to  bisect  it,  show  that  it  cuts  it  at  right 
angles. 

Show  that  the  bisected  line  is  the  shortest  chord  that 
can  be  drawn  through  the  point  of  bisection.         (20.) 
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29.  Bhow  that  in  equal  ciroles  equal  arcs  are  subtended  bj 

equal  chords. 

Let  A,  B,  C,  D  be  four  points  taken  in  order  on  the  ' 
circumference  of  a  circle,  whose  oeutre  is  0,  such  that 
AB  is  equal  to  CD ;  join  AG  and  BD  intersecting  in  P ; 
show  that  OP  produced  bisects  the  arc  BC.  (25.) 

30.  Show  how  to  bisect  a  given  arc  of  a  circle. 

Take  points  A,  B,  G,  D,  E  in  order  on  the  circum- 
ference of  a  circle,  such  that  B  is  midway  between  A  and 
G,  and  D  midwaj  between  G  and  E.  Draw  the  chord  BD 
intersecting  the  chords  CA  and  GE  in  F  and  G*.  Show 
that  the  angle  GFD  is  equal  to  the  angle  GOB.     (25). 

31.  From  a  point  D  outside  a  given  circle  a  line  DGA  is  drawn 

cutting  the  cirde  in  G  and  A,  and  not  passing  through 
the  centre,  and  a  line  DB  touching  the  circle  at  the 
point  B ;  show  that  the  rectangle  AD,  DG  is  equal  to 
the  square  on  DB. 

A  number  of  circles  all  pass  through  two  given  points 
M  and  N ;  from  a  point  P  in  MN  produced  tangents  are 
drawn  to  the  circles ;  show  that  the  points  of  contact  lie 
on  the  circumference  of  a  circle.  (25.) 

32.  A  parallelogram  is  so  long  that  two  circles,  exterior  to  each 

other,  can  be  described  in  it,  so  as  to  touch  three  sides : 
a  line  is  drawn  to  touch  both  circles,  and  is  terminated 
by  the  longer  sides;  show  that  the  line  equals  the 
dmerence  between  a  long  and  a  short  side.  (25.) 

Section  0. 

33.  Define  the  characteristic  of  a  logarithm,  and  show  that 

in  common  logarithms  log  (N  X  10*)  =s  n  +  log  N. 
Why  would  this  not  be  true  for  logarithms  of  any  base 
but  10  P 

Write    down    log  106*13,    log  0*0010613,   and    find 
log  ^(0-02)  and  log  (002)7.  (20.) 

34.  Define  the  cosine  of  an  acute  angle,  and  state  what  more  is 

required  in  order  to  make  the  definition  applicable  to  an 
obtuse  angle. 

Show  that  cos  (180^  -  A)  =  -  sin  (90*  +  A),  and 
write  down  the  numerical  vidues  of  the  sine,  cosine  and 
tangent  of  45^  and  135^  (20.) 

35.  In  a  triangle  ABG,  a  =  ^5,  6  =  2,  o  =  78 ;  show  that 

8  cos  A  cos  G  =  3  cos  B.  (25.) 

36.  Given  two  sides  and  the  included  angle  of  a  triangle,  write 

down  a  formnla  for  finding  the  remaining  angles  by  the 
help  of  logarithms. 

The  sides  being  237*09  ft.  and  130*96  ft.,  and  the 
included  angle  57  59',  find  the  remaining  angles  to  the 
nearest  second.  (25.) 
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37.  .^B  is  a  line  1000  yards  long ;  B  is  due  north  of  A.  At  B 
a  distant  point  P  bears  70°  E.  of  Norlli;  iat  A  it  bears 
41°  22'  E.  of  North  j  find  the  distance  from  A  to  P. 

(20.) 

,38.  The  summit  of  a  spire  is  vertically  over  the  middle  point  of 
a  hori^ntal  square  enclosure,  whose  side  is  a  ft.  long ; 
the  height  of  the  spire  is  h  ft.  aboye  the  level  of  the 
square.  If  the  shadow  of  the  spire  jusfi  reaches  a  comer 
of  the  square  when  the  sun  h^s  an  altitude  $y  show 
that  '    ' 

jy2  =  atan^. 

Calculate  h  having  given  a  =  1000  ft.,  $  =  27*  29'  48". 
(25-) 

^atheinatioB,  Third  Stage. 
Instructioks. 

Bead  the  General  Instructions  on  the  Srst  page. 

You  must  confine  your  answers  entirely  to  Sections  A  ^^^  B, 
or  to  Sections  A  and  C ;  and  you  must  not  answer  more  than 
four  questions  in  either  section. 

Tou  must  not  answer  more  than  eight  questions  altogether. 

The  number  of  marks  assigned  to  each  ouestloii  is  given  in 
brackets. 


SseHomkJL. 

41.  Simplify — 

(30.) 

42.  If  A,  B,  C  .  .  .  .  M,  N  are  in  geometrical  ptogreasibn,  show 

'  that— 

(A»  +  B»  +  .  .  /.  +  M^)(B«  ^  c»  +....+  I^»)      . 
fc  (AB  +  BO  -♦-....  +  MN)f.  (30.) 

43.  Jihd  the  number  of  hoibogeneous  products  of  r  dimensions 

that  can  be  formed  of  n  letters  (a,  6,  c,  .  .  •  )  and  their 
powers. 

Show  that  the  number  of  all  the  terms  in  the  expansion 
of  (d  -f  &  +  c  +  cZ)^^  is  five  times  the  number  of  the 
terms  that  do  not  contain  some  one  letter,  as  d.      (40.) 

44.  Draw   two   equal  straight  lines  AB,  AD,   and  two  other 

equal  straight  lines  AC,  AE,  so  that  the  angle  BAD  may 
'    .equal  the  angle  CAE.     Join  BC  and  DE,  and  show  that 
phe  angle  between  these  lines  equals  BAD.  (35.) 
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45.  On  the  same  chord  and  on  the  same  side  of  ifc  two  arcs  of 

circles  are  described  each  greater  than  a  semicircle ; 
show  how  to  draw  through  one  end  of  ^he  chord  a 
straight  line  catting  both  t|ie  aixss  and  suc^  that  its 
8€ginent>  between  them  is  the  grea^st  possible.      (^0 

46.  Xwo  equal  circles  intersect  in  A,  B ;  take  a  point  P  inside 

both  circles,  and  with  centre  A  and  radins  AP  describe 
the  circle  CDPEP  cutting  the  given  circles  in  points  0, 
D,  S,  1*.  Show  that  CD,  and  FE,  when  produced,  pass 
throughB.  (35.) 


Section  B, 

A  A 

47.  Prove  the  formula   cos  A  =  4008^-5  —  3  cos  ^r. 

If  the  value  of  coi?  A  be  given,  show  geometrically 
that  there  are  in  general  three  different  values  of  cos  -q  > 
and  point  put  all  the  angles  to  which  thej  belong.    (35.) 

48.  ^Sliminate  0  an4  0  from  ^he  eqi^ation^ — 

cos  ^  +  COS  0  =  a,  cotan  0  +  potaii  0  =  5» 

coseo  0  +  coseo  0  =  6.  (35.) 

49.  §how  that  ii|  any  triangle  a  ==  &  cos  0  +  6  cos  ^,  both  when 

B  and  C  are  acut^,  and  when  one  of  them  is  obtuse. 
Show  that  in  any  triangle  four  t^mes  the  area  equqls-r-: 

^8in20  +  o^sin2B, 

a|^4  ui{;erpre|i  t^e  ^esu^t  geometrica^j.  •  (35.) 

50.  In  any  triangle  show  that — 

a'feV  (sin  2A  +  sin  2B  +  pin  20)  =  32S», 
w}|ere  g  4e?^otes  the  %rea  o{  the  tpi^gle.  (35.) 

51.  In  a  triangle  ABO  join  C  to  any  point  D  in  AB ;  let  B  and 

Ri  be  the  radii  of  the  circles  which  circumscribe  the 
triangles  ACD  and  BOD  respectively ;  show  that  Ra  = 
B^b,  and  that  the  distance  between  the  centres  of  the 
circles  is  Re  -r-  h. 

Explain  these  resulta  in  the  case  when  D  is  moved  up 
to  B.  (40.) 

52.  A,  B,  0  are  thi*ee  consecutive  milestones  on  a  straight  road, 

from  each  of  which  a  distant  spire  is  visible.  The  spire 
is  observed  to  bear  N.E.  at  A,  due  east  at  B,  and  60°  E. 
of  S.  at  0.  Find  the  distance  of  the  spire  from  A,  and 
the  shortest  distance  of  the  spire  from  the  road.    (40.) 
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BedionO. 

68.  If  a  solid  asgle  is  contained  bj  tliree  plane  angles,  show 
bow  tbe  sereral  parts  of  the  solid  angle  may  be  repre- 
sented bj  a  spherical  triangle.  What  line  drawn  in  tbe 
spherical  triangle  wonld  represent  the  inclination  of  one 
edge  of  the  solid  angle  to  the  plane  passing  through  the 
other  two  edges  P 

Show  that  any  side  of  a  spherical  triangle  is  greater 
than  the  difference  of  the  other  two  sides.  (85.) 

54.  Define  the  polar  triangle  of  a  giyen  spherical  triangle,  and 

show  that  if  a  triangle  (A)  is  the  polar  triangle  of  a 
given  triangle  (B),  then  fi  is  the  polar  triangle  of  A. 

(30.) 

55.  If  A  and  a  are  an  angle  and  a  side  of  an  equilateral 

spherical  triangle,  and  A'  and  a'  an  angle  and  a  side  of 
tne  polar  triangle,  show  that — 

a         a  A  A' 

2  cos-coB  :r-  =  1,  and  2  sin .-r-  sin  •—  =  1, 

2        2'  22 

and  explain  the  results  when  a  is  made  indefinitely 
smaU.  (40.) 

56.  Establish  a  formula  by  which  the  angles  of  a  right-angled 

spherical  triangle  may  be  found,  when  the  two  sides 
containing  the  right  angle  are  given. 
Given  o  =  60*,  6  =  164^  2^,  C  =  90%  find  A  and  B. 

(35.) 

57.  Find  the  angle  B  of  a  spherical  triangle  in  which  A  ss 

88**  52',  a  =  73"  50',  and  6  =  120*. 

Show  that  with  the  jziven  values  of  A  and  &,  there 
is  only  one  triangle  so  long  as  a  lies  between  60^  and 
120^.  What  would  be  the  case  if  a  were  (1)  equal  to 
120%  (2)  greater  than  120**  P  (35.) 

58.  Two  points  are  in  latitude  20°  S.,  one  is  in  longitude  80°  W., 

the  other  is  in  longitude  150°  E. ;  assuming  the  earth  to 
be  a  sphere,  find  the  length  of  the  arc  of  the  great 
circle,  and  that  of  the  arc  of  the  parallel  of  latitude 
passing  through  the  points.  N.B.  The  answers  may  be 
expressed  in  nautical  miles.  (40.) 


Honoura  Examination. 

Instbuctions. 


Bead  the  General  Instructions  on  the  first  page. 
You  may  not  answer  more  than  ten  questions. 
The  same  value  is  attached  to  each  question. 
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61.  If  aj*  —  y^  —  a*  =s  y8  «.  ^/p  «.  58  —  -j8  _  jpy  ^  ^  —  Q^  Bbow 
that- 

- y 


al^^l^c^      b^-<^a^      c^'-a^h^* 

and  find  0,  y,  «  ia  terms  of  a,  &,  c. 

62.  Find,  bj  algebra,  the  value  of  y  which  giTea— 

y^3+  ^(1-^8) 
its  greatest  Talne. 

63.  Write  down  the  expansion  of  a'  in  ascending  powers  of  d?, 

and  dednce  therefrom  the  expansion  of  log«(l+y)  in 
ascending  powers  of  y. 

Show  that  the  Napierian  logarithm  of  the  product  of 

(1  +  ax)  <a    and  (1  —  ax)''u'  is  equal  to 

64.  Find  the  coefficient  of  s^  in  the  expansion  of  (1  —  2a)  +  a»')~', 

and  hence  show  that — 

6{1 .  n  +  2(n  -  1)  +  3(w  -  2)  + +  (n  - 1)  .  2  +  n .  1} 

=  n(n  +  1)(»  +  2). 

65.  Show  which  of  the  following  series  are  convergent  and 

which  divergent — 

(-^-^  ^+72  +  73  +  74  +  -  ••• 

66.  ABGD  is  a  quadrilateral  whose  diagonals  are  AC  and  BD ; 

draw  AF  parallel  to  BC,  cutting  BD  (produced  if  neces- 
sary) in  F,  and  draw  BE  panillel  to  AD,  cutting  AG 
(produced  if  necessary)  in  jB  ;  join  EF ;  show  that  EF 
is  parallel  to  CD. 

67.  AC  and  BD  are  fixed  diameters  at  right  angles  to  each 

other,  and  P  any  point  on  the  circumference  of  the 
circle  ABCD  ;  let  PA  and  Bt)  intersect  in  E ;  draw  E(j 
parallel  to  AG  to  intersect  PB  in  Q,  any  of  these  lines 
being  produced  if  necessary;  show  that  the  locus  of  Q  is 
a  straight  line. 
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^8.  AB  18  the  diameter  and  C  the  middle  point  of  the  are  of  a 
semicircle;  take  D,  the  middle  point  of  the  chord  BC ; 
let  AD  be  produced  to  meet  the  circumference  in  E ; 
draw  EF,  perpendicular  to  BC ;  show  that  CP  is  three 
times  EF. 

69.  ABO  is  a  triangle  whose  sides  AB  and  AC  are  equal ;  take 

D  and  £,  the  middle  points  of  BC  and  AB ;  join  AJP  ; 
through  E  draw  a  line  at  right  angles  to  AB  cuttiug  AD 
in  L,  and  also  caiting  in  F  a  line  di*awn  from  B  at  right 
angles  to  BC ;  through  F  draw  a  line  parallel  to  AC  to 
cut  BC  in  H|  join  HL;  show  that  HLF  is  a  right 
angle. 

70.  Calculate    in  a  decimal    form    the  numerical    yaloes    of 

sin  (sin  30")  and  (sin  60^)'^w^ 

Find  an  expression  for  all  the  angles  which  satisfy  the 
equation — 

lan«  0  —  (tan  A  +  cotan  A)  t^n  0  -h  J  =  0. 

71«  If  A,  B,  C,  a,  h,  c  are  the  angles  and  sides  of  a  plane 
triangle,  s^iow  that — 

A  B  *         P 

potan  -—  +  cotan  -—  -f  cotan  -— 

2  ^     .  .     .2  2  _  (a-ht4-c)« 

cotan  A  -f  cotan  B  +  cotan  C  ""  a*-f  ft^+c^' 

72i  Show  that cotan^^  is  equals  |)^e  jurodnqtiof  |])e  two  infinite 
series — 

1  +  2  cos«^  +  3  cos*^  +  4i'co8«fl  +  .  .  .  . 
and  1—2  tan«0  +  3  tan*«  —  4  tan«^  -f  .  .  .  . 

Show. that  cotan*"^  (1  +  cotan ^  +  coian^  0)  is  equal 
to  the  sum  of  the  infinite  series-^— 

gin^  .  ?i?^-  sin.2^!I^  +  sin  8^  .  ?1B!^- Ac. 
1  2  ^  3 

73.  Express  cos  n0  in  ^  peries  of  descending  pqwers  of  cois  0, 

w^en  n  is  a  positive  integer.  .  •    « 

Sojve  t]ie  equation  cos  ^0  +  cos  30  +  cos  6j  =  Q. 

74.  Establish  the  relation  which  exists  between  the  oosines  of 

the  six  arcs  joining,  two  and  two,  any  four  points  on  a 
pphere. 

75.  If  r,  tu  ^si  9*8  Arre  the  radii  of  the  inscribed  and  escribed 

circles  of  a  spherical  triangle,  show  that- 
tan  r  tan  r^  tan  r^  tan  rj  =  sin  s  sin  («— a)  sin  (#  —  {?)  sin  («  —  c). 
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76.  If  the  sides  of  a  spherical  triangle  are  small  compared  with 
the  radius  of  the  sphere  on  which  it  is  described,  show 
that,  approximately,  each  angle  of  the  spherical  triangle 
exceeds  by  one- third  of  the  spherical  excess  the  corre- 
sponding angle  of  the  plane  triangle,  the  sides  of  which 
are  of  the  same  length  as  the  arcs  of  the  spherical 
triangle. 

Tables  fobthb^Qoestions. 


,•.*.•*•  *•  •(•»•*» 

,  ....„, 

Logarithms 

of  Numbers. 

Logaritluns  of  Sines.     . 

Number. 

.^  .1   . . 

Logarithm. 

Angle. 

Log.  Sin. 

2 

801  0800 

2l    88 

9-636  0969 

10618 

02fi  8882 

28    88 

9-680  5191 

19609 

292  4654 

39 

7504 

lo 

4776 

68    23 

9-930  2226 

86804 

565  8950 

24 

3004 

5 

90G8 

60      0 

9-937  5306 

47942 

680  7161 

64    21 

9-954  9441 

3 

7252 

22 

5  0047 

86603- 

987  5329 

65      0 

9-957  2767 

88288 

945  9016 

70      0 

9-972  9868 

73    60 

9-982  4774 

88    52 

9-999  9150 

Natural  Sine  ' 

?0'  =  0-93969 
/2  =  1-4142 

Logarithms  of  Tangents. 

Angle. 

Log.  Tan. 

O             1 

14      1 
2 

9-397  3089     : 
846^ 

\ 

/3  =  1-73205 

27    29 

9-716  1682 

A 

/6  =  2-23607 

30 

4767 

■ 

30      0 

9-761  4«94 

61      0 

10-256  2480 

1 

6460 

64    22 

10-318  9079 

75    58 

10-602  1537 

59 

6911 
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SUBJECT  Y.     FUBE   MATHEMATICS,   STAGES 

4  and  5. 

ExAMiKiR,  P.  T.  WRIGLSr,  Esq.,  M.A. 


Gen£bjll  Ikstbuctions. 
If  the  rqles  are  not  attended  to,  the  paper  will  be  cancelled. 

Yon  are  permitted  to  answer  qnestions  from  the  Fonrth  Stage, 
or  from  the  Fifth  Stage,  or  from  the  Hononrs  paper,  bat  you 
mnst  confine  yourself  to  one  of  them. 

Put  the  number  of  the  question  before  yonr  answer. 

The  figures  in  descriptire  geometry  should  not  only  be  con- 
structed with  ruler  and  compasses,  but  the  construction  should 
in  all  cases  be  explained  and  its  accuracy  demonstrated. 

You  are  to  confine  your  answers  stricUy  to  the  questions 
proposed. 

X  our  name  is  not  given  to  the  Examiner,  and  you  are  for^ 
bidden  to  write  to  him  about  your  answers. 

The  examination  in  thii  mhjeci  Uutefor  three  hown. 


Fourth  Stage.— Bubjects :  Plane,  Solid,  and  Descriptive 
Geometry  and  Oeometrical  Conies. 

IVSTBUCTIONS. 

You  are  not  permitted  to  attempt  more  than  eight  questions, 
and  may  select  them  from  any  part  of  the  paper. 

The  values  attached  to  the  questions  are  shown  in  brackets. 


When  are  four  quantities  said  to  be  in  proportion  P  Show 
that  the  areas  of  triangles  of  the  same  altitude  are  pro- 
portional to  their  bases. 

From  any  point  within  a  regular  polygon  of  n  sides 
let  &11  a  perpendicular  upon  each  of  the  sides;  show 
that  the  sum  of  these  perpendiculars  is  equal  to  the 
radius  of  the  inscribed  circle  of  a  regular  polygon  of 
the  same  number  of  sides  as  the  original  polygon,  but 
having  a  perimeter  n  times  as  great.  (18.> 
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2.  If  the  Tortical  angle  of  a  triangle  be  bisected,  ahow  that 

the  bisector  diyides  the  base  into  segments  which  have 
the  same  ratio  as  the  adjacent  sides. 

If  the  line  bisecting  the  angle  BAG  of  a  triangle 
meet  the  side  BC  in  D,  show  how  to  constmct  the  tri- 
angle, having  given  the  lengths  of  AB,  AG,  AD. 

(20.) 

3.  Show  how  to  inscribe  a>  regular  pentagon    in   a  given 

circle. 

If  circles  be  described,  each  of  which  touches  a  pair 
of  alternate  sides  of  a  regular  pentagon  at  the  ex* 
tremities  of  the  intermediate  side,  show  that  all  such 
circles  have  a  common  point.  (^^O 

4.  If  two  straight  lines  be  parallel,  and  one  of  them  be  at  right 

angles  to  a  plane,  prove  that  the  other  is  also  at  right 
angles  to  the  plane. 

If  a  triangular  pyramid  be  cut  hj  a  plane  drawn 
parallel  to  two  opposite  edges,  show  that  the  section  is  a 
parallelogram.  (20.) 

5.  Show  that  in  a  given  sphere  the  surface  of  a  spherical  zone 

cut  off  bj  two  parallel  planes  depends  only  on  the  dis- 
tance between  the  planes. 

If  the  radius  of  the  circular  base  of  a  spherical  cap 
be  four-fifths  of  the  radius  of  the  sphere,  show  that  the 
surface  of  the  cap  is  one-fifth  that  of  the  sphera. 

(18.) 

6.  Pi*ove  that  the   plane  bisecting  anj  dihedral  angle  of  a 

given  tetrahedron  divides  the  opposite  edge  into  seg- 
ments which  are  in  the  ratio  of  the  areas  of  the  adjacent 
faces.  (18.) 

7.  GKve  the  projections  a,  a'  of  a  point  equidistant  from  the 

vertical  and  horizontal  planes;  also  of  a  line  which  is 
oblique  to  both  planes,  and  which  intersects  the  hori- 
zontal plane  at  a  given  point ;  take  in  the  vertical  plane 
a  third  point  not  on  this  line:  find  the  traces  of  the 
plane  which  passes  through  these  three  points.      (16.) 

8.  Having  given  the  traces  of  two  planes,  find  .the  projections 

of  their  line  of  intersection. 

Obtain  the  angle  which  one  of  the  planes  makes  with 
the  horizontal  plane;  also  the  angle  between  the  two 
given  planes.  (180 

9.  The  projections  of  two  points  being  given,  find  the  traces  of 

the  plane  which  is  perpendicular  to  the  line  joining 
these  points,  and  also  equidistant  from  them.         (16.) 

10.  Define  a  conic  section,  and  distinguish  the  different  species 
of  conic  sections. 

Show  that  in  any  com'c  section  the  tangents  at  the 
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extremities  of  a  focal  chord  intersect  on  the  directrix; 
aJso  that  in  one  species  thej  intersect  at  a  constant 
angle.  (16.) 

11.  Prove  that  in  an  ellipse  the  normal  at  anj  point  bisects  the 

angle  between  the  focal  distances  of  that  point. 

Show  also  that  tangents  at  the  ends  of  parallel  focal 
radii  intersect  on  a  fixed  circle.  (IS.) 

12.  Show  that  the  difference  between  the  sqnares  of  any  twb 

conjugate  semi-diameters  of  a  hyperbola  is  equal  to  the 
difference  between  the  squares  of  the  semi-axes. 

If  A  be  the  vertex,  and  P,  P'  be  points  equidistant 
from  A  on  the  same  branch  PAP'  of  a  hyperbola,  and  if 
lines  be  drawn  through  A,  P,  P',  parallel  to  each  other, 
meeting  one  of  the  asymptotes  in  B,  Q,  Q'  respectively  ; 
show  that  PQ,  AB,  P'Q'  are  in  continued  proportion. 

(20.) 


Fiftb  Stage. — Sabjects :  Descriptive  Geometry^  Spherical 
Trigoiioinetry;  Co-brdiiiate  Oeoxnetry  of  two  and  of 
three  dimensions. 

Insteuctions. 

Bead  the  General  Instructions  at  the  head  of  the  Fourth 
Stage  Paper. 

You  are  not  permitted  to  attempt  more  than  eight  questions, 
and  may  select  them  from  any  part  of  the  paper. 

The  marks  assigned  to  the  quesiions  are  shown  in  brackets. 


21.  Given  the  projections  of  two  straight  lines  which  are  not 

in  the  same  planCy  draw  the  projections  of  the  line 
which  cuts  each  of  them  at  right  angles,  and  construct 
the  actual  length  of  the  segment  intercepted  between 
the  two  given  lines.  (35.) 

22.  Given  the   projections  of   a   right  cone  and  of    a    point 

external  to  the  cone,  determine  the  traces  of  a  tangent 
plane  passing  throagh  the  point;  also  find  the  projec- 
tions of  the  normal  at  any  point  of  the  line  of  contact. 

(35.) 

23.  Establish  the  fundamental    formula  which  expresses  the 

cosine  of  an  angle  of  a  spherical  triangle  in  terms  of  the 
sides. 

If  A',  B'  be  the  middle  points  of  the  sides  CB,  CA  of 
a  spherical  triangle,  prove  that 

sin2  AB'  =  Bin2 1  +  sin^  |  sin*  |  sin^  C*        /g^  x 
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24.  State  and  prove  Napier's  Analogies. 

If  ABC  be  a  spherical  triangle,  right-angled  at  C,  and 
2S  denote  the  sum  of  the  angles,  bhow  that 

cot  S  =  —tan  2  tan  - .  zoe  \ 

2         2  (35.) 

25.  Obtain  an  expression  for  the  angiilar  radius  of  the  small 

circle  inscribed  in  a  given  spherical  triangle. 

If  D  be  the  distance  between  the  centres  of  the  in- 
scribed and  circumscribed  circles  of  a  given  spherical 
triangle,  r,  R  their  respective  radii,  prove  that 

sin3  D  ==  sin2  (R  -  r)  —  cos«  R  sin^  r.  (40.) 

2o.  The  angular  points  A,  B,  C,  D  of  a  quadrilateral  are  (3,  5) 
f6,  -2),  (-1,  -1),  (-2,  1).  Find  the  equationsof  the 
lines  AC,  BD,  the  tangent  of  the  angle  between  them, 
and  the  area  of  the  quadrilateral.  Find  also  the  dis- 
tance between  the  middle  points  of  AC  and  BD. 

(30.) 

27.  Define  the  polar  of  a  given  point  with  respect  to  a  given 
circle,  and  write  down  its  equation.  Give  a  geometrical 
construction  for  the  polar,  both  when  the  pole  is  inside, 
and  when  it  is  outside  the  given  circle. 

If  PQ  be  the  line  joining  any  point,  P,  to  the  intersec- 
tion, Q,  of  the  polars  of  P  with  respect  to  two  £xed 
circles,  find  the  locus  of  the  middle  point  of  PQ. 

(35.) 

28.  Explain  what  is  meant  bj  the  eccentric  angle  of  a  point  on 

a  given  ellipse. 

Write  down  the  equations  of  the  tangent  and  normal 
at  a  point  whose  eccentric  angle  is  (0).  If  CP,  CD  be 
conjugate  semi-diameters  of  the  ellipse  S-t^  -f  2?/^  =  1, 
find  the  locus  of  the  intersection  of  the  tangents  at  P 
and  D.  (35.) 

29.  Find  the  condition  that  the  general  equation  of  the  second 

degree  may  represent — 

(1)  Aparabolji.  (2)  A  rectangular  hyperbola.  (3)  A 
pair  of  straight  lines. 

Obtain  the  position  and  magnitude  of  the  semi-axes  of 
the  curve  whose  equation  is — 

13aj3  +  Sxyy/3  +  21i/2  +  (76  -  36^/3)aj  -f  (36  -f  75^3)^ 
+  144  =  0.  (40.) 

30.  Obtain  the  equations  of  the  straight  line  joining  the  points 

(3,  6,  7)  (2,  —  2,  8)  ;  also  find  the  length  and  the  direc- 
tion-cosines of  the  perpendicular  from  the  origin  upon 
t^  line.  (3^') 


V 
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31.  The  angular  points   P,  Q,  B,  S  of    a  teiraliedron  are 

(0,  1,  3),  (1,  2,  4),  (2,  3,  1),  (3,  0,  2)  respectively :  find 
the  dihedral  angle  between  the  faces  P  Q  R  and  P  Q  S ; 
also  find  the  length  of  the  perpendicnlar  let  fall  from  S 
npon  the  opposite  face,  and  the  yolnme  of  the  tetra- 
hedron. (40.) 

32.  Find  the  relation  which  most  exist  among  the  constants  in 

order  that  there  may  be  a  point  common  to  the  two  lines 
whose  equations  \ 


cMJ  +  5y  +  c  =  0,  a'aj  +  h'si  +  c'  =  0, 


and 

A              B               C      ' 

If  the  lines 

^7'=.+^='t-'- 

and 

2»-7  =  y  +  l  =  12-12a 

intersect  in  P;  find  the  equation  of  the  plane  which 
passes  through  P  and  is  perpendicular  to  the  line  joining 
P  to  the  origin.  (40.) 


Honours  Examination. 

Instructions. 

Bead  the  General  Instructions  at  the  head  of  the  Fourth 
Stage  paper. 

You  are  only  permitted  to  attempt  eight  questions,  and  may 
select  them  from  any  part  of  the  paper. 

The  values  attached  to  the  questions  are  shown  in  bracketn. 


41.  Given  the  lengths  of  the  edges  of  a  tetrahedron,  find  the 

angle  between  two  opposite  edges. 

Show  that  if  the  perpendiculars  from  the  vertices  npon 
the  opposite  faces  meet  at  a  point,  pairs  of  opposite  edges 
are  at  right  angles.  (^0.) 

42.  Tangents  at  the  extremities  of  an  arc  AB  of  a  given  circle 

meet  at  G,  and  a  third  line  through  G  intersects  the 
circle  in  D  and  E.  Show  that  the  arcs  AB  and  DE 
cat  each  other  harmonically. 

Prove  that  every  circle  cutting  an  arc  of  another  circle 
harmonically  is  orthogonal  to   the  circle  which  passes 
[^  orthogonally  through  the  extremities  of  the  arc. 

(50.) 
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43.  ABC  18  a  spherical  triangle,  and  P  any  Boint  on  the  Bpliere ; 
ffreat  circles  are  drawn  joining  eacn  vertex  to  I',  and 
intersecting  the  opposite  sides  in  D,  E,  F ;  prove  that  the 
sides  of  the  triangle  D,  E,  Fmeet  the  corresponding  sides 
of  the  original  triangle  in  points  which  lie  on  a  great 
circle. 

Hence  show  that  if  two  diagonals  of  a  complete 
spherical  quadrilateral  are  quadrants,  the  third  diagonal 
is  also  a  quadrant.  (45.) 

44.  Obtain,  hy  Descriptive  (Geometry,  the  elevation  of  A 
meridian  section  of  a  hyperboloid  of  revolution  whose 
axis  is  vertical,  having  given  the  inclination  to  the 
horizontal  plane  of  a  generator,  and  its  shortest  distance 
from  the  axis. 

Draw  also  the  traces  of  a  plane  which  touches  the 
surface  at  a  given  point.  (65.) 

45.  What  is  the  analytical  representation  of  projection  in 
geometry  P  Show  how  to  project  any  triangle  into  an 
equilateral  triangle,  and  any  hyperbola  into  an  equi* 

,  lateral  hyperbola.  (60.) 

F  46.  Show  that  the  four  tangents  drawn  to  the  nine-pointi 

circle  of  a  g^ven  triangle  at  the  points  where  this  circle 
touches  the  inscribed  and  escribea  cirdes  of  the  triangle 
are  also  tangents  to  the  inscribed  ellipse  which  touches 
the  sides  of  the  given  triangle  at  their  middle  points. 

(65.) 

47.  A  conic  circumscribing  the  triangle  ABC  has  its  tangents 
at  the  an^^ular  points  respectively  parallel  to  the  opposite 
sides.  Find  the  equations  of  the  circles  of  curvature  at 
A,  B,  0,  and  show  that  these  three  circles  and  the  circum* 
scribed  drde  of  the  triangle  have  a  common  point  of 
intersection.  (6^*) 

48.  If  a  given  curve  of  the  nth  degree  have  B  double  pointe, 
and  K  cusps,  find  the  degree  of  the  reciprocal  of  the  g^ven 
curve.  Through  how  many  fixed  points  in  general  can 
this  reciprocal  DO  made  to  pass  P  (60.) 

49.  Find  the  condition  that  the  general  equation  of  the  second 
degree  may  represent  (1)  a  paraboloid  of  revolution ; 
(2)  a  cylinder  of  revolution. 

Find  the  nature  of  the  surface  represented  by-— 

«*  +  4y»  +  9f»  +  I2yz  +  6»»  +  4aw  =  1. 

(66.) 
£0«  Show  that  a  sphere  can  be  drawn  through  any  two  circular 
sections,  of  opposite  systems,  of  a  given  ellipsoid.  If 
the  sections  are  such  tliat  the  radius  of  the  sphere  is  con« 
stant,  prove  that  the  locus  of  the  centre  of  the  sphere  ia 
a  hyperbola*  (70.) 

(530)  __._  ^ 
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SUBJECT  Y.    FUBE  MATHEMATICS, 
STAGES  6  &  7. 

ExAifiNEB,  P.  T.  WBIOLEY,  Esq.,  M.A. 


OekbbUi  Instaitotions. 
If  the  nilefl  are  not  attended  to,  the  paper  will  be  cancelled. 

You  are  permitted  to  answer  questions  from  tho  Sixth  Stage, 
•or  from  the  Seventh  Stage,  or  from  the  Honours  paper,  but  70a 
must  confine  yourself  to  one  of  them. 

Put  the  number,  of  the  question  before  your  answer. 

You  are  to  confine  your  answers  strictly  to  the  questions 
proposed. 

Your  name  is  not  given  to  the  Examiner,  and  you  are  for- 
bidden to  write  to  him  about  your  answers. 

The  examination  ih  this  subject  lasts  for  three  hours. 


Sixth  Stage.— Subjects :   Differential  Calculus  and 
Integral  Calculus. 

'  Instructioks. 

You  arc  only  permitted  to  attempt  eight  questions,  and  may 
.select  them  from  any  part  of  the  paper. 

The  values  attached  to  the  questions  are  shown  in  brackets. 


'  I.  Give  a  definition  of  a  limit,  and  obtain  from  first  principles 
the  difEerential  coefficient  of  log^o;  and  of  tan  x. 

Differentiate 

■  .    (1.)     (a-xf* 

(2.)     log       '/^±g±f!+? 

(3.)     e"  sin-i{2.c  v/l^=^}.  (36;) 

.    2.  If  tt={cos~iaaj}2  find  ^  in  terms    of    u   and  --^,     and 

obtain  the  equation  expressing  the  relation  between   — ^ 

^r     and  the  two  next  lower  differential  coefficients  of  u  with 
respect  to  P5.    ...    ^  .   ^_  (35.) 
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Find  an  expression  for  the  remainder  after  n  terms  in  the 
expansion  by  Taylor's  Theorem  of  /(x  +  ^)  in  a  series  pro- 
ceeding by  ascending  powers  of  h. 

Expand    sin   (2x  +  h)    in  powers    of    h,  and   give   the 
remainder  after  fonr  terms.  (35.) 

Show  that  the  value  of  a  fraction  which  assumes  the 
indeterminate  form,  -^  is  zero,  finite  or  infinite,  as  the  case 
may  be,  and  give  a  method  of  finding  the  ralue  in  any 


Evaluate  J?SJ^  when  «=b.  .o^  . 

.  log  Bin  3»  (oU.; 

..&,  Find  under  what  conditions  0(«)  may  have  a  maximum  or  a 
minimum  value. 

What  is  the  area  of  the  largest  triangle  that  can  be 
inscribed  in  a  given  ellipse,  having  one  of  its  angular 
points  at  an  extremity  of  the  minor  axis  P  (^^O 

6.  Obtain  an  expression  for  the  radius  of  curvature  at  any 
point  of  the  curve  0(x,  y)=0. 

Show  that  in  .the  rectangular  hyperbola,  xy=c^^  the 
radius  of  curvature  at  any  point  P  is  proportional  to  the 
cube  of  the  distance  of  P  from  the  origin.  (^^O 

7.  Explain  a  method  for  discovering  the  existence  of  singular 
points  on  a  curve  whose  equation  is  given. 

Trace  the  curve  ^Hi^sc^,  carefully  noting  any  siiigu* 
larities.  (40.) 

8.  Find  the  value  of  the  following  indefinite  integrals :— * 

f     (a>-l)      ^     f(1^2xV^      f      cto 

J  •iJCr^g      '  J       ^  'Jl^tan^aj.        (35.) 

•9.  Show  that/(&)-/(a)=S/(«>2a^>  where  S/(0)(to  denotes 
the  sum  of  an  infiuiite  number  of  terms  of  the  typef(x)dx 
obtained  by  successively  increasing  x  by  infinifcesimal 
increments  dx  from  a  to  &.    Find  the  values  of— ^ 

I    sin^O/  (2b,   I  •  I    — y 

J,  Ja  COS  X  (3-.C0S  x)    J^  v^l-e**      (^q  j 

10.  Find  the  area  enclosed  between  the  parabola,  y^^^ax,  and 
its  evolute,  27ay'=.4(a;— 2a)';  also  find  the  length  of  the 
perimeter  of  this  area.  (^0 

11.  Let  O  be  the  pole  of  the  cardioid,  whose  equation  is 
r=o(l-f  cos  0)y  and  OP,  OQ  lines  trisecting  the  area  of 
the  cardioid.    If  the  angle  POQ  be  denoted  by  20,  show 

'      that 

sin  0(4+  cos  0)+30-sr.  *  (40.) 

d2 
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12.  Show  that  the  surface  generated  by  the  revolntioxL  of  a 
cycloid  round  the  taugent  at  the  vertex  is  half  that 
generated  hy  the  revolntion  of  the  cycloid  round  its  base. 

(35.) 


Seyenth  Stage.— Bubjeots :  DlfRnrential  Calculus,  Inte- 
gral CalooliUy  Differential  BqnationSy  and  Hnite 
Differences. 

Ikstbuotions* 

Bead  the  General  Instmctions  at  the  head  of  the  Sixth  Stage 
paper. 

X  on  are  only  permitted  to  attempt  eiglU  qnestions,  and  may 
select  them  from  any  part  of  the  paper. 

The  yalnes  attached  to  the  questions  are  shown  in  brackets. 


21.  If  ff=s2-fy0(ip)  obtain  a  series  for  F(s)|  proceeding  by 
ascending  powers  of  y. 

Given 

find  a  value  of  s  correct  to  four  places  of  decimals.    (40.) 

22.  Investigate  the  conditions  for  a  xnaximnm  or  a  minimum 
value  of  a  function  of  two  independent  variables. 

The  volume  of  a  cone  being  given,  find  the  altitude,  so 
that  the  whole  surface  of  the  cone  may  be  a  minimum. 

(40.) 

23.  Define  contact  of  the  n^  order  between  two  curves.  Find 
the  locus  of  the  centres  of  rectangular  hyperbolas  which 
have  contact  of  the  second  order  with  a  given  curve  at  a 
given  poiut  on  it.  (45.) 

24.  State  the  restrictions  under  which  it  is  permissible  to 
differentiate  within  the  sign  of  int^pration. 

Evaluate  the  definite  integrals 

fr  dm fT         Bin^  da  f^ da 

J   a«sin»e+68coBVj   (a«sin«»4-6«cos«a>)«' J   (a«sin«»+6«cos«»)« 

'  (60.) 

25.  Find  the  area  of  that  portion  of  the  surface 

sfi+  («  cos  «+y  sin  «)'=c* 
which  is  comprised  in  the  positive  octant  of  the  co-ordinate 
axes.  (50.) 
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Obtain  the  value  of 

dxdfy 


^ 


-S- 


where  the  integration  extends  to  all  points  within  the 

27.  Obtain  the  general  solution  of  the  linear  differential  equation 

Integrate  the  equations 

dy 

^=y  tan  a?+a^  sin  a?, 

*'§+y=y»iog*.  (50.) 

28.  Find  the  differential  equation  to  a  curve  such  that  the 
segment  intercepted  on  the  axis  of  x  bv  the  tangent  and 
normal  at  any  point  may  be  of  constant  length.  lutegrate 
the  equation,  and  trace  the  curve.  (55.) 

29.  Integrate  the  equation 

also  the  simultaneous  equations 


'S+9ST2y+31*=e'  J 


30.  Explain  what  ip  meant  by  the  successive  differences  of  a 
function  of  x.    Find  the  values  of 

and  ^*  sin  a«  cos  hx,  (40.) 

31.  Define  successive  values  of  a  function  of  as.  Express  A"tt^  in 
terms  of  u«  and  its  successive  values,  and  deduce  a  series 
for  A*0".    Establish  the  following  formuko : — 

!A-l-H-^=(n+l)A-l-+nA-"->l»^  (45.) 

32.  Sum  to  n  terms 

1  3  5 

(1)  i.5,y  "^5,9,13  "f"  9,13.17''"*  *  •  * 

(2)  lis.6  8in'^+3.5.7  sin  2^+6.7.9  sin  3^+.  ,;.      (45.) 
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iMSTBUCTIOirS. 

Bead  the  General  Instractions  at  the  head  of  the  Elementary 
paper. 

Yon  are  only  permitted  to  attempt  eight  qnestions,  and  may 
select  them  from  any  part  of  the  paper. 

The  valnes  attached  to  the  qnestions  differ  but  little  from  one 
another. 


41.  Transform  the  expression  _^4.~-4.-_    into  one  in  which 

r,  d,  0,  are  the  independent  rariables,  where  2B=r  sin  0  cos  0, 
^=r  sin  $  sin  0,  2=:r  cos  $. 

42.  If  a  chord  of  given  length  move  inside  any  closed  curve, 
and  a  point  P,  which  divides  the  chord  into  segments, 
a  and  h,  trace  out  another  closed  carve,  show  that  the  area 
comprised  between  the  two  curves  is  equal  to  that  of  an 
ellipse  whose  semi-axes  are  equal  to  the  segments  of  the 
chord. 

48.  Find  the  valaes  of  the  definite  integrals, 

[  COS  mx  dx  j     (tap  x)  dm       J     sin  x  dx 

J^   l-2acosaj+a8'     J^  »        '      J^        v';^    • 

44.  Give  Gauss's  definition  of  the  integral  curvature  of  a  portion 
of  a  curved  surface  bounded  by  a  closed  curve.  Deduce  the 
measure  of  curvature  at  a  point  of  the  surface ;  express  it 
in  terms  of  the  principal  radii  of  curvature  at  the  point ; 
and  show  that  it  is  unaltered  if  the  surface  be  deformed. 

45.  In  the  functional  equation  0(aj,  y,  z,  o)=0,  where  a  is  a 
variable  parameter,  find  the  condition  which  must  be  satis- 
fied if  two  surfaces  of  the  family  cut  each  other  at  right 
angles. 

«*     V*     «' 
Given  the  ellipsoid  -2-l-|a+-2— 1>  fi°d  the  equations  of 

the  other  confocal  conicoids  which  form  with  it  a  mutually 
orthogonal  system. 

Show  also  that  the  position  of  any  point  in  space  may  be 
defined  in  terms  of  the  parameters  of  such  a  system  of 
surfaces. 
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46.  Apply  the  Calcnlus  of  Variations  to  determine  the  nature  of 
the  cnrred  lin^  joining  two  given  pointSj^  such  that  the 
snrface  generated  by  its  revolution  about  a  fixed  axis,  in 
the  plane  of  the  given  points,  may  be  of  minimum  area. 

47.  Obtain  the  differential  equation  of  the  class  of  carves  such 

that  the  radius  .of  curvature  is  equal  to     .^  ^ ,  where  0  is 

sin"0 

the  angle  between  the  tangent  and  the  radius  vector,  and 

find  what  particular  curve  results  when  n=:3. 

48.  Obtain  a  solution  of  the  differential  equation 

in  the  form  of  a  series,  and  also  in  the  form  of  a  definite 
integral. 

49.  Give  a  general  method  for  obtaining  a  complete  integral  of 
the  partial  differential  equation  of  the  first  order 

F(aj,y,z,i7,  2)=0. 

Solve  the  equation  j?(  1  +  g^) = g(« — a) . 

50.  Integrate  the  equations  of  differences 

(1.)  t*.+8-6t*.+i+8t*.=a;8+3'. 
(2.)  w.+jt*.f  ai*^i+6i*,+c=0. 


SUBJECT  VI.    THEOBETICAL  MECHANICS. 

Examinee,  REV.  J.  F.  TWISDEN,  M.A. 


General  Instructions. 
If  the  rules  are  not  attended  toj  yonr  papers  will  be  cancelled. 

You  may  take  the  Elementary,   or  the  Advanced,   or  the 
Honours  paper,  but  you  must  confine  yourself  to  one  of  them. 

Put  the  number  of  the  question  before  your  answer. 

The  value  attached  to  each  question  is  shown  in  bracjcets  .after 
the  question.     But  a  full  and  correct  answer  to  an  easy  question, 
will  in  all  cases  secure  a  larger  number  of  marks  than  an  incom- 
plete or  inexact  answer  to  a  more  difficult  one. 

You  are  to  confine  your  answers  strictly  to  the  questions  pro- 
posed. 

Your  name    is  not  given   to  the   Examiner,   and  you  aro 
forbidden  to  wi'ite  to  him  about  your  answers. 

^he  examinatum  in  this  subject  lasts  for  three  hours,    \ 
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nnt  Stage  Of  Blementoiy  Kxaminattoiu 

lH8TBU0n0H8» 

Yon  are  not  pennitted  to  aiten^t  more  than  Bim  QUiBnovfl* 
Ton  may  ielect  them  from  any  part  of  tiie  paper. 


I»  State  any  one  properly  of  the  oentre  of  graviiy  of  a  body. 
A  partide  is  placed  at  an  angnlar  point  of  a  triangnlar 
lamina  of  uniform  density ;  the  weights  of  the  particle  and 
lamina  are  equal ;  show  in  a  diagnun  where  we  oentre  of 
grayiiy  of  the  whole  is  situated.  (10.) 

8.  A  and  B  are  two  rigidly  connected  points  5ft.  apart}  forces 
of  5  and  7  units  act  at  A  and  B  respectiyely  at  right  angles 
to  AB»  and  in  the  same  direction ;  they  are  balanced  by  a 
force  P  acting  at  a  point  0  in  AJ3 ;  find,  (a)  the  magni* 
iude  of  P,  (6)  the  distance  AO,  and  (c)  show  in  a  diagvam 
the  direction  in  which  P  acts.  (12.) 

8»  A  rod  (AB)  can  turn  freely  round  a  hinge  at  A ;  it  rests 
in  an  inclined  position  against  a  smooth  fixed  point  near 
the  end  B ;  show  in  a  diagram  the  forces  which  keep  the 
rod  at  rest,  and  name  them.  (16.) 

4.  ABC  is  a  triangle  having  a  right  angle  at  G ;  BG  is  12  ft., 
and  AG  is  20  ft. ;  P  is  a  point  in  the  hypotenuse  AB  such 
that  AP  is  one-fourth  of  AB ;  a  force  of  50  lbs.  acts  from 
G  to  B,  and  one  of  100  lbs.  from  G  to  A.  (a)  Find  the 
moments  of  the  forces  with  respect  to  P ;  (h)  find  the  sum 
(«.0.,  the  algebraical  sum)  of  the  two  moments ;  (e)  if  the 
point  P  were  fixed,  in  what  direction  would  the  forces 
make  the  triangle  revolye  P  (14.) 

5.  ABCD  is  a  thin  rectangular  plate  weighing  50  lbs.,  AB  is 

10  ft.,  BG  is  2  ft. ;  the  plate  is  suspended  by  the  middle 
point  of  its  upper  edge  AB,  and  then,  of  course,  AB  is 
horizontal.  If  a  weight  of  5  lbs.  is  now  placed  at  A,  AB 
will  become  inclined  to  the  horizon ;  show  how  to  find  the 
angle  of  inclination,  either  by  calculation  or  oonstmction. 

(16.) 

6.  What  is  the  horse-power  of  the  engine  which  draws  a  train 
with  a  uniform  rate  of  45  miles  an  hour,  against  a  resis* 
tanoe  of  900  lbs.  P  (10.) 

7.  A  body,  whose  velocity  undergoes  constant  acceleration,  has 
at  a  certain  instant  a  velocity  of  22  ft.  a  secoud,  in  the 
following  minute  it  describes  10,320  ft. ;  find  the  constant 
acceleration.  (10.) 
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8.  The  yeIooit7  of  a  body  is  increaaed  uniformly  in  eaoh 
second  by  20  fb.  a  second ;  b^  how  many  yards  a  minute 
will  its  velocity  be  increased  in  one  minute  r  (12.) 

9»  A  body  is  constrained  to  move  in  a  circle  by  means  of  a 
string  fastened  to  the  centre;  the  radius  of  the  circle  is 
3  ft.y  the  mass  of  the  body  12  lbs.,  and  the  velocity 
40  ft.  a  second;  find  the  tension  of  the  string  (a)  in 
poundalB,  (b)  in  pounds,    (g  =  82.)  (14.) 

10*  When  a  body  is  whollv  or  partly  immersed  in  water,  what 
is  the  magnitude  of  the  resultant  fluid  pressure  on  it ;  in 
what  direction  and  along  what  line  does  the  resultant  act  ? 
A  body,  whose  volume  is  5  cubic  feet,  and  specific 
gravity  1*2,  hangs  by  a  string  suspended  in  water,  which 
completely  covers  it ;  what  force  exerted  along  the  string 
is  needed  to  support  tiie  body  P  (12.) 

11.  Describe  Nicholson's  Hydrometer,  and  how  it  is  used  for 
finding  the  weight  of  a  small  body. 

The  standard  weight  being  1,200  grains,  a  body  is  placed 
in  the  upper  pan,  and  it  is  found  that  200  grains  must  be 
added  to  sink  the  hydrometer  to  the  standard  point.  The 
body  is  now  placed  in  the  lower  pan,  and  it  is  found  that 
450  grains  must  be  placed  in  the  opper  pan  to  sink  the 
instrument  to  the  standard  point.  What  is  the  specifio 
gravity  of  the  body  ?  (14.) 

12.  Explain  the  advantage  gained  in.  Hawksbee's  air  pump  by 

the  use  of  two  pistons. 

If  the  capacity  of  the  receiver  of  an  air  pump  is  six  times 
that  of  the  barrel,  and  the  pressure  of  the  air  in  the  receiver 
before  the  first  stroke  equal  to  the  pressure  of  29*4  inches  of 
mercury,  what  will  be  the  pressure  after  the  first  stroke  ? 

(14.) 


Beoond  Stage  or  Advanoed  Ezamlnatioxu 

Instbuctions* 

Bead  the  General  Instructions  on  the  first  page. 

You  are  not  permitted  to  attempt  more  than  eight  questions. 
You  may  select  them  from  any  part  of  the  paper. 


21.  Assuming  that  the  "parallelogram  of  forces"  is  true  for 
the  direction,  show  that  it  is  true  for  the  magnitude  of  the 
resultant. 

Find  the  cosine  of  the  angle  between  the  directions  of 
forces  of  5  and  7  units,  which  have  a  resultant  of  8  units. 
Show  that  the  angle  itself  exceeds  90%  (20.) 
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22.  When  a  force  and  a  couple  act  in  the  same  plane  on  a  rigid 
body,  find  their  resnltant. 

Draw  a  sqnare  ABCD  and  ite  diagonal  AG ;  two  forces 
of  10  units  act  from  A  to  B  and  from  G  to  D  respectivelj^ 
forming  a  couple,  a  third  force  of  15  units  acts  from 
G  to  A ;  find  their  resultant,  and  show  in  a  diagram  exactly 
how  it  acts.  (20.) 

23.  A  rod  is  supported  horizontally  on  two  points  A  and  B, 

12  ft.  apart ;  between  A  and  B  points  G  and  D  are  taken, 
such  that  AG  =  BD  =  3  ft. ;  a  weight  of  120  lbs.  ia  hung 
at  G,  and  a  weight  of  240  lbs.  at  D ;  the  weight  of  the  rod 
is  neglected;  take  a  point  0  midway  between  A  and  B, 
and  find  with  respect  to  O  the  algebraical  sum  of  the 
moments  of  the  forces  acting  on  the  rod  on  one  side  of  0. 

(20.) 

24.  A  lamina  of  uniform  density  has  the  form  of  a  quadrilateral, 
with  two  sides  parallel ;  find  the  positioii  of  its  centre  of 
gravity,  having  given  the  lengths  of  tbo  parallel  sides,  and 
the  length  of  tibe  line  joining  their  middle  points.     (20.) 

25.  A  hemispherical  bowl  is  held  firmly  with  its  middle  radius 
vertical ;  a  uniform  rod  AB  is  fastened  by  a  hinge  to  the 
lowest  point  A  of  the  bowl,  and  is  so  long  that  its  middle 
point  rests  upon  the  edge  of  the  bowl;  show  that  the 
reaction  of  the  hinge  is  exerted  in  the  direction  A  to  B, 
and  find  that  reaction,  and  the  reaction  of  the  edge  of  the 
bowl  in  terms  of  the  weight  of  the  rod.  If  a  weight  were 
placed  at  B,  how  would  it  affect  the  direction  of  the  reaction 
of  the  hinge?  (30.) 

26.  Find,  without  using  the  principle  of  work,  the  relation 
between  the  power  and  the  weight  in  the  screw  press, 
taking  into  account  the  friction  between  the  threads  of 
the  screw  and  the  companion  screw.       ^  (20* ) 

27.  A  shaft  560  ft.  deep,  and  5  ft.  in  diameter  is  full  of  water ; 
how  many  foot-pounds  of  work  are  required  to  empty  it, 
and  how  long  would  it  take  an  engine  of  3^  horse  power  to 
do  the  work  f  N.B. — Of  coursa,  it  is  to  be  assumed  that 
there  is  no  flow  of  water  into  the  shaft.  You  may  take 
X  =?  3f  (20.) 

28.  Find  the  ratio  of  the  height  to  the  length  of  a  smooth'' 
inclined  plane,  down  which  when  a  particle  slides  the 
acceleration  of  its  velocity  is  one-fifth  of  the  acceleration  of 
the  velocity  of  a  body  falling  freely  under  the  action  of 
gravity. 

If  such  a  particle  has  a  mass  of  12  lbs.,  find  its  velocity 
and  its  kinetic  energy  acquired  in  descending  along  100  ft. 
of  the  length  of  the  plane,     (g  =  32.)  (25.) 
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29. .  A  particle  deficribes  a  circle  wiih  a  constant  velocity,  show 
that  the  force  acting  upon  it  is  always  directed  to.  the 
centre,  and  find  the  magnitude  of  the  force  in  terms  of  the 
radius  of  the  circle,  and  the  mass  and  velocity  of  the 
particle.  (25.) 

30.  Define  the  moment  of  inertia  of  a  system  of  particles.  Find 
the  moment  of  inertia  of  a  rod  of  nniform  density^  with 
reference  to  an  axis  passing  through  one  end  at  right 
angles  to  its  length. 

A  rod  6  ft.  long,  weighing  12  lbs.,  revolves  uniformly 
80  times  a  minute  about  an  axis  at  right  angles  to  its 
length  and  passing  through  one  end;  find  its  kinetic 
energy.  (30.) 

31.  If  two  liquids  do  not  mix,  show  that  their  common  surface 
is  a  horizontal  plane. 

A  conical  vessel  with  its  base  horizontal  is  filled  partly 
with  mercury  and  partly  with  water;  internally  the  radius  of 
the  base  is  6  in.,  and  the  height  18  in. ;  the  volume  of  the 
mercury  is  seven  times  that  of  the  water;  find  the  pressure 
on  the  base,  having  given  that  a  cubic  inch  of  water  weighs 
250  grains,  and  a  cubic  inch  of  mercury  S,4<00  grains. 

(30.)    ; 

32.  A  cubic  inch  of  air  under  a  pressure  of  15  lbs.  per  square 
inch  is  mixed  with  two  cubic  inches  of  air  under  a  pressure 
of  45  lbs.  per  square  inch ;  if  the  mixture  occupies  3^  cubic 
inches,  what  is  the  pressure  of  the  mixture  ?  (Temperaturo 
the  same  in  all  cases).  (20.) 


Hononrs  Examination. 

Instbuctions. 


Bead  the  General  Instructions  on  the  first  page. 

You  are  not  permitted  to  attempt  more  than  eight  questions. 
You  may  select  them  firom  any  pad;  of  the  paper. 


41.  Find  the  position  of  the  centre  of  gravity  of  a  s^ment.. 
of  a  sphere. 

Verify  your  result  by  deducing  from  it  the  position  of 
the  centre  of  gravity  of  a  sphere.  (40.) 

42.  Show  that  any  system  of  forces  acting  on  a  rigid  bodv  can 
be  reduced  to  a  single  force  acting  at  any  arbitrarily  chosen 
point  and  a  couple. 

ABCD  is  a  face  of  a  cube,  AE,  BF,  CG,  DH  are  parallel 
edges ;  equal  forces  (P)  act  from  D  to  A,  G  to  C,  and  E  to 
P  respectively ;  show  how  to  reduce  the  three  forces  to  two. 

(40.) 
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43.  ABC  is  a  hole,  having  the  ihi^  of  an  eonilateral  triaagley 
cat  in  a  horiaontal  table;  a  sphere  ox  nniform  density 
stands  in  the  hole  (which  is  not  large  enongh  to  let  the 
sphere  through).  GiTen  the  weight  and  radius  of  the 
sphere,  and  the  length  of  a  side  of  the  triangle,  find  the 
pressure  on  each  side  of  the  triangle. 

Also  solve  the  problem  on  the  sapposition  that  no  two 
sides  of  the  triangle  are  equal*  (60.) 

41.  A  uniform  beam  is  supported  on  many  points,  all  in  the 
same  horizontal  line,  so  that  the  only  forces  acting  are  the 
weight  of  the^  beam,  and  the  reactions  of  the  fixed  points. 
Let  A  and  B  be  any  two  oonsecntiYe  fixed  points,  B  to  the 
right  of  A ;  show  that  the  snm  of  the  moments  with  respect 
to  A  of  the  forces  to  the  right  of  A  is— 

M  +  Q.AB^KAB« 
where  M  denotes  the  snm  of  the  moments  with  respect  to 
B  of  the  forces  to  the  right  of  B,  Q  the  sum  of  the  forces 
at  and  to  the  right  of  B,  and  vf  the  weight  of  nnit  lengtii 
of  the  beam;  the  reactions  and  their  moments  being 
reckoned  positive.  (40.) 

45.  There  are  two  rectangolar  beams  of  the  same  length,  and  of 
the  same  material ;  each  is  supported  horiiontidly  on  two 
points,  one  under  each  end ;  if  the  curvature  at  the  middle 
point  of  the  one  is  double  the  curvature  at  the  middle 
point  of  the  other,  show  that  the  depth  of  the  first  is  to  the 
depth  of  the  second  as  1  to  ^"2.  (40.) 

46.  Define  the  work  of  a  force,  whose  point  of  application  is 
moved  in  a  given  direction  through  a  small  distance. 

Let  AB  and  CD  be  two  diameters  of  a  circle  at  right 
angles  to  each  other.  A  particle  M  is  constrained  to  move 
along  the  circumference  from  A  through  G  to  B,  and  is 
acted  on  by  a  constant  force  (P)  in  the  direction  M  to  B ; 
show  that  the  work  done  by  P  is  P.AB,  and  that  the  work 
done  by  P  while  M  moves  from  A  to  C,  is  to  that  which  it 
does  while  M  moves  from  G  to  B  as  5  to  12  very  nearly. 

(50.) 

47.  When  a  plane  lamina  is  moved  from  cue  position  to  another 
in  its  own  plane,  show  that  the  transfer  can  be  effected  by 
a  rotation  round  a  fixed  axis  at  right  angles  to  the  plane. 
Point  out  an  exceptional  case,  if  there  be  one.  (40.) 

48.  What  is  meant  by  the  expression  ^(mxy)  which  occurs  in 
treatises  of  rigid  Dynamics  P 

Galculate  its  value  in  the  following  case: — AOB  is  a 
triangular  lamina  of  uniform  density,  having  a  right  angle 
at  0,  OB  is  taken  as  the  axis  of  «,  and  OA  as  that  of  y.     j 

(50.) 
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49.  AB  is  a  diameter  of  a  circular  plate  of  uniform  densitj* 
which  can  turn  freelj  round  a  fixed  horizontal  axis  through 
A,  at  right  angles  to  its  plane.  A  particle  whose  mass  is 
half  that  of  the  plate  is  fastened  to  B.  The  plate  is  placed 
with  B  verticallj  over  A,  and  is  then  allowed  to  fall ;  find, 
at  the  instant  that  B  is  verticallj  below  A,  the  body's 
Idnetio  energy,  and  its  angular  velocity.  (SO.) 

50.  A  hard  homogeneous  cylinder  rolls,  without  any  slipping, 
down  a  rough  inclined  plane ;  determine  the  acceleration  of 
its  velocity  down  the  plane,  and  the  amount  of  friction 
called  into  play.  (60.) 

51.  Describe  briefly  the  common  hydrometer,  and  investigate  a 
formula  for  comparing  the  specific  gravities  of  fluids  by 
means  of  it. 

A  common  hydrometer  floating  in  a  liquid  whose  specific 
gravity  is  I'l,  has  5  in.  of  the  stem  above  the  surface; 
when  it  floats  in  a  liquid  whose  specific  gravity  is  1*2  it  has 
6  in.  of  the  stem  above  the  surface ;  how  much  of  the  stem 
win  be  above  the  surface  when  it  floats  in  a  liquid  whose 
specific  gravity  is  1*8  ?  (40.) 

52.  Assuming  the  usual  formula  for  the  distance  of  the  meta- 
centre  (M)  from  the  centre  of  gravity  (H)  of  the  displaced 
water,  viz.,  Y.HM  =  J^A ;  find  the  position  of  the  meta- 
centre  of  a  cone  floating  with  its  vertex  downward,  in  terms 
of  its  dimensions  and  specific  gravity. 

If  the  specific  gravity  of  a  cone  is  0*729,  show  that  the 
position  will  be  s^ble  if  the  tangent  of  half  the  vertical 
angle  of  the  cone  exceeds  ^.  (50.) 
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First  Stage  or  Elementary  Exazninatioii. 

Instructions. 

Yoa  may  not  attempt  more  than  five  questions. 

The  value  attached  to  each  question  is  shown  in  brackets 
after  the  question. 

1.  What  are  the  conditions  to  be  satisfied  by  a  standard 

surface  plate  P    What  material  is  selected  for  such  a  plate, 

and  for  what  reason  P     Why  is  it  necessary  to  have  three 

'        surfaces  under  operation  in  order  to  prepare  an  original 

true  surface  P  (15) 

.  '2.  Explain  the  method  of  estimating  the  work  done  by  a  force, 
and  define  the  unit  of  work. 

The  surface  of  the  water  in  a  well  is  at  a  depth  of  20  ft., 
and  when  500  gallons  have  been  pumped  out,  the  surface  is 
lowered  to  26  ft.  Find  the  number  of  units  of  work  done 
in  the  operation,  the  weight  of  a  gallon  of  water  being 
10  lbs.  (15) 

8.  A  uniform  bar  4  ft.  long  and  weighing  4  lbs.,  can  turn 
about  a  fulcrum  at  one  end,  und  a  weight  of  10  lbs.  is  hung 
upon  the  bar  at  a  distance  of  1  foot  from  the  fulcrum. 
Find  the  upward  force  at  the  free  end  which  will  keep  the 
bar  horizontal.  (10) 

4  A  toothed  wheel  runs  in  gear  with  two  parallel  racks,  one 
above  and  the  other  below  it,  the  wheel  being  free  to  run 
between  the  racks.  If  the  upper,  raok  has  a  velocity  of 
2  ft.  per  second  in  one  direction,  and  the  lower  rack  a 
velocity  bf  3  ft.  per  second  in  the  'opposite  direction,  what 
is  the  velocity  of  the  centre  of  the  wheel  P  (20) 

5.  What  is  a  cam  P  Show,  with  a  sketch,  how  to  obtain  by 
means  of  a  cam  a  motion  in  a  direction  parallel  to  the  axis 
of  rotation.  (15) 

&'  A  cubical  box  or  tank  with  a  closed  lid^  the  lengtb  of  a 
side  of  which  is  4  ft.,  rests  with  its  base  horizontal,  and  an 
;  2P^^  vertical  pipe  enters  one  of  its  sides  b^  an  elbow. 
.  The  tank  is  full  of  water,  and  the  pipe  contuns  water  to 
the  height  of  1  foot  above  the  top  of  the  tank.  What  are 
the  pressuras  of  water  on  the  top,  bottom,  and  sides  of  the 
tank  P  (Given,  the  weight  of  a  cubic  foot  of  water  = 
62i  lbs.)  (20) 

7.  Explain,  with  a  sketch,  the  manner  in  which  the  principle 
of  work  is  applied  in  determining  the  relation  of  P  to  W 
in  the  case  of  the  endless  screw  and  'Worm*wheeL 

The  lever  handle  which  works  the  screw  being  14  inches 
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lonff,  the  nnmber  of  teeth  in  the  worm-wheel  20,  and  the 
load  being  a  weight  of  1,000  lbs.  hanging  npon  a  drum  of 
12  inches  diameter  on  the  worm-wheel  shafb,  find  the  force 
to  be  applied  at  the  end  of  the  lever  handle  in  order  to 
Bnpport  the  weight.  (20) 

8.  Describe  the  hydraulic  accumnlator  for  storing  np  water 
under  pressure.  If  the  ram  of  the  accumalator  be  6  inches 
in  diameter,  what  load  will  be  required  to  produce  a  water 
pressure  of  500  lbs.  on  the  square  inch  f  To  what  head  of 
water  would  this  pressure  correspond  P  (20) 

.   9.  Describoy  with  a  sketch,  the  Qeneva  stop,  and  explain  its 
action.  (15) 

10.  What  is  steel  ?    How  may  a  piece  of  steel  be  hardened  and 

tempered  P  Describe,  as  an  example,  the  proceed  of  making 
a  chisel  for  chipping  cast  iron.  (15) 

11.  A  beam  of  timber,  rectangular  in  transverse  section,  is 

2  inches  broad,  3  inches  deep,  and  4  feet  in  length,  and 
rests  upon  supports  at  its  ends.  The  breaking  load  on  the 
centre  is  2,000  lbs.  What  would  have  been  the  breaking 
weight  if  the  beam  had  been  4  inches  deep,  2  inches  broad, 
and  4  feet  between  the  supports,  but  loaded  at  a  distance  of 
1  foot  from  the  end  P  (15) 

12»  Explain  the  use  of  an  air  vessel  in  connection  with  a  forco 
pump.  Sketch  a  section  through  a  double-acting  force 
pump,  showing  the  valves  and  the  connection  of  the  pump 
with  the  air  vessel,  and  explain  the  action  of  the  pump. 

(20) 


Second  Stage  or  Advanced  Examination. 

Instbuctions. 

Bead  the  General  Instructions  at  the  head  of  the  Elementary 
paper. 

Ton  may  not  attempt  more  than  five  questions. 

The  value  attached  to  each  question  is  shown  in  brackets  after 
tbe  question.  ^ 

21.  A  railway  train,  exclusive  of  engine,  weighs  150  tons,  and  in 

starting  along  a  level  line  from  rest  it  attains  a  speed  of 

30  miles  an  hour  in  5  minutes.    What  has  been  the  mean 

pull  between  the  engine  and  train,  the  resistances  being 

V    taken  at  10  lbs.  per  ton  P  (30) 
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22.  Whafc  muBt  be  the  difference  in  ihe  diameters  of  a  compound 
wheel  and  axle  so  that  the  velocitj  of  P  may  be  100  times 
that  of  W,  the  length  of  the  handle  being  2|  feet  P     (35) 

23.  In  stone  breakbg  machines  it  is  common  to  nse  a  **  toggle 
joint."  Explain  the  principle  on  which  its  action  depends, 
and  shoK  by  a  diagram  the  mode  of  applying  it  to 
snch  machines.  (35) 

24.  Describe  the  siphon  and  explain  its  action.    In  a  siphon  on 

a  large  scale,  employed  for  drainage,  a  stand  pipe,  com- 
mnnicating  with  an  air  pnmp,  is  attached  to  the  top  of  the 
siphon  tube,  also  the  stand  pipe  is  fitted  with  one  or  more 
taps  for  the  acbnission  of  air.  For  what  |mrposes  are  the 
air  pnmp  and  the  air  taps  respectiyely  required  ?       (35) 

25.  Explain  the  nse  of  change  wheels  in  a  screw-catting  lathe. 

It  is  desired  to  cat  a  s^ew  of  g-inch  pitch  in  a  lathe  with  a 

leading  screw  of  4  threads  to  the  inch,  using  4  wheels.  If 
both  screws  be  right-handed,  what  wheels  wotdd  you 
employ  P  (35) 

26.  A  beam  will  safely  carry  a  stationary  load  of  6  tons  with  a 
deflection  of  2  inches,  from  what  height  may  a  weight  of 
200  lbs.  be  let  drop  upon  the  same  bewi  without  de&cting 
it  to  a  greater  extent  r  40) 

27.  Describe  the  construction  and  action  of  mechanism  for 
obtaining  the  "  feed  "  in  a  drilling  machine,  showing  the 
manner  in  which  the  rotation  of  the  drill  spindle  and  its 
adyance  take  place  simultaneously.  (40) 

28.  Show,  by  a  sketch,  the  combination  of  wheel  work  necessary 
for  an  eight-day  clock,  and  giye  numbers  to  the  wheeUi 
which  would  produce  the  motion  required,  pointing  out  the 
axis  or  arbor  to  which  the  minute  hand  is  attached.  How 
is  the  motion  of  the  hour  hand  obtamed  P  (40) 

29.  Sketch  and  describe  some  form  of  dynamometer,  and  explain 
how  it  is  applied  for  ascertaining  the  power  giyen  out  by 
a  prime  moyer. 

The  power  of  a  portable  engine  is  tested  by  passing  k 
strap  or  belt  oyer  the  fly  wheel,  which  is  5  feet  in  diametor ; 
one  end  of  the  belt  is  secured  to  a  spring  balance,  and  a 
weight  of  300  lbs.  hangs  on  the  other  end.  What  is  the 
horse  power  of  the  engine  when  the  balance  registers  a 
tension  of  180  lbs.,  and  the  fly  wheel  makes  150  xeyolutions 
per  minute  P  (40) 
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30.  Draw  the  bending  moment  and  shearing  stress  diagrams  for 
a  beam  12  feet  long,  supported  at  both  ends,  and  loaded 
with  weights  of  4  and  6  tons  at  distances  of  3  and 
8  feet  respectively  from  one  end  of  the  beam.  Explain 
fnllj  the  mode  of  arriving  at  these  diagrams.  (40) 


HonoxuB  Examination. 

Instbuotions. 

Bead  the  (General  Instmctions  at  the  head  of  the  Elementaiy 
paper. 

You  may  not  (Utem^t  more  than  six  questionfl. 

The  value  attached  to  each  question  is  shown  in  brackets 
after  the  question. 

41.  What  do   you    understand    by    energy,  and    how    is    it 

measured  P  The  head  of  a  steam  hammer  weighs  50  cwt., 
steam  is  admitted  on  the  under  side  for  lifting  only,  and 
there  is  a  drop  of  5  feet.  What  will  be  the  average  com- 
pressive force  exerted  during  a  blow  from  this  hammer,  on 
the  supposition  that  the  duration  of  the  blow,  that  is,  the 
time  during  which  the  hammer  is  compressing  the  iron 

under  operation,  is  ^  second  P  (50) 

42.  In  a  keyless  watch  describe,  with  sketches,  the  mechanism 
for  winding  the  spring  and  for  setting  the  hands.  How  is 
the  reverse  motion  of  the  winding  piece  rendered  inopera- 
tive P  (70) 

43.  Describe  that  modification  of  Watt's  governor  for  steam 

engines  where  a  load  is  carried  on  the  central  spindle.  If 
the  load  be  36  lbs.,  and  each  ball  weighs  4  lbs.,  the  arms 
and  connecting  links  being  of  equal  length,  find  the  height 
of  the  cone  for  180  revolutions  per  minute.  If  the  speed 
be  suddenly  increased  to  185  revolutions  per  minute,  what 
lifting  efiEort  would  the  governor  exert  P  (60) 

44.  Investigate  an  expression  for  the  moment  of  resistance  to 

torsion  of  a  given  cylindrical  shaft  when  subjected  to  a 
given  twistiQg  moment. 

What  is  the  maximum  horse-power  which  could  be 
transmitted  by  a  shaft  3  inches  in  diameter  when  making 
150  revolutions  per  minute,  it  being  given  that  the 
shearing  stress  in  the  material  is  not  to  exceed  7,500  lbs. 
per  square  inch  P  (70) 

(530)  s 
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46.  Sketch  and  describe  the  mechanism  for  feed  motions: — 

(1)  In  a  machine  where  there  is  a  reciprocatii^  moye- 
ment,  as  in  a  planing  machine;  (2)  Where  there  is  a 
continuous  moTcment,  as  in  a  machine  for  boring  cylinders. 

(60) 

6.  A  triangular  jointed  frame  is  subjected  to  the  action  of 
three  balancbg  forces  applied  at  its  angular  points,  explain 
the  method  of  setting  out  a  stress  diagram  of  the  forces 
acting  at  each  joint. 

Taking  the  case  of  a  Warren  girder,  supported  at  the 
ends,  where  the  bracing  bars  are  each  inclined  at  60°  to 
the  horizon,  there  being  4  bays  in  the  lower  boom  and 
8  bays  in  the  upper  boom,  find  the  stresses  in  the  several 
parts  when  there  are  two  loads  of  1,000  lbs.  on  the  lower 
l)oom,  one  in  the  centre,  and  the  other  half  way  between 
the  centre  and  one  end.  (70) 

47.  Show  a  method  of  obtaining  a  comparison  between  the 
angular  velocities  of  two  axes  inclined  at  a  given  angle  and 
connected  by  a  Hooke's  joint.  By  what  arrangement  of  a 
double  joint  can  the  above  inequality  be  got  over  P  Explain 
the  action  in  the  altered  form  of  construction.  (70) 
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Tirst  stage  or  Elementary  Enmination. 

Ikstbugtioks. 

You  are  only  permitted  to  attempt  eight  questions.    Of  these 
not  more  than/mr  maj  be  selected  from  the  same  section. 

The  value  attached  to  each  question  is  the  same. 

SECTION  I. 

1.  State  Boyle's  law,  and  explain  under  what  conditions  it  is 
true. 

What  will  be  the  change  in  volume  of  a  quantity  of  air 
-wbich  measures  20  cubic  feet,  if  the  pressure  on  it  changes 
from  15  lbs.  on  the  square  inch  to  10  lbs.  on  the  square 
inch? 

2.  What  is  meant  by  a  wave  of  sound  and  by  the  length  of  a 
wave  T    Explain  how  sound  is  transmitted  throogh  air. 

3.  Describe  the  way  in  which  the  velocity  of  sound  in  water 
has  been  determined. 

4.  A  steel  wire,  one  yard  long  and  stretched  by  a  weight  of 

5  lbs.,  vibrates  100  times  per  second  when  plucked.  If  I 
wish  to  make  two  yards  of  the  same  wire  vibrate  twice  as 
fast,  with  what  weight  must  I  stretch  it  P 

6.  Describe  a  mouth  (or  flue)  organ  pipe.  If  two  such  pipes 
of  the  same  length  are  sounded,  one  of  them  being  open  and 
the  other  closed,  how  do  the  notes  differ  from  each  other  ? 

SECTION  II. 

C.  Explain,  by  the  aid  of  a  sketch,  how  shadows  are  produced. 
Hence  explain  an  eclipse  of  the  San. 

7.  Describe  the  method  of  using  a  Hansen  photometer  to 
compare  the  illuminating  powers  of  two  sources  of  light. 

8.  Explain  how  the  appearance  of  a  stick  partially  immersed 

obliquely  in  water  agrees  with  the  law  of  refraction. 

9.  What  do  you  understand  by  the  focal  length  of  a  convex 
lensP 

If  a  small  object  be  placed  so  that  its  distance  from  the 
lens  is  a  little  greater  than  the  focal  length,  where  will  the 
image  be  P  Will  it  be  upright  or  inverted,  real  or  virtual  P 
10.  A  right  angled  isosceles  prism  is  sometimes  used  as  a  plane 
mirror.  Explain,  by  the  aid  of  a  sketch,  how  it  can  be  so 
used. 

s  2 
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SECTION  III. 

11.  How  would  70U  prove  that  zinc  expands  more  than 
copper  when  rods  of  the  two  metals  are  heated  throngh 
the  same  range  of  temperature  ? 

12.  Water  is  said  to  have  its  maximam  density  at  4°  G.  Explain 
what  this  means. 

In  what  respect  is  the  behavionr  of  mercury  different 
from  that  of  water  when  both  are  gradually  warmed 
fromO°C.P 

13.  Explain,  by  the  aid  of  a  sketch,  how  a  building  is  heated  by 
hot  water  carried  in  pipes  from  a  boiler  in  the  basement  of 
the  building. 

14.  Define  dew-point.    TEow  is  dew  formed,  and  why  is  it  more 

copious  on  some  substances  than  on  others  ? 

15.  State  the  effect  on  the  volume  of  a  c:iven  mass  of  air,  of 
altering  its  temperature  without  altermg  its  pressure ;  also 
the  effect  on  its  pressure  of  altering  its  temperature  without 
altering  its  volume. 


Second  Stage  or  Advanced  Examination. 

Insteuctions. 

Read  the  General  Instructions  at  the  head  of  the  Elementary 
paper. 

You  are  only  permitted  to  attempt  eight  questions.     Of  these 
not  moro  than  four  may  be  selected  from  the  same  section. 

The  value  attached  to  each  question  is  the  same. 


SECTION  I. 

21.  How  would  you  compare  the  velocities  of  sound  in  different 
gases? 

22.  Describe  the  method  of  testing  the  state  of  disturbance  of 

the  air  at  any  part  of  an  open  organ  pipe  when  a  musical 
note  is  being  produced  from  it. 

What  results  will  be  obtained  when  the  first  harmonic 
is  being  produced  from  the  pipe  ? 

23.  Four  strings  of  the  same  material  and  length,  but  of 
thicknesses  I,  1*5,  2*5,  and  3,  are  stretched  on  a  violin  and 
tnned  bo  as  to  give  successive  fifths.  Compare  the  tensions 
of  the  several  strings.  (The  thinnest  string  is  to  give  the 
highest  note.) 
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24.  Explain  how  to  determine  the  time  of  vibration  of  a  given 
tuning  fork,  and  state  what  apparatus  you  would  require 
for  the  purpose. 

25.  Describe  an  experiment  to  prove  that  two  sounds  maj 
produce  perfect  silence. 


SECTION  II. 

26.  Explain  how  to  determine  the  focal  length  of  a  double 
convex  lens  without  the  aid  of  sun  light. 

27.  Explain  how  to  measure  the  refracting  angle  of  a  prism,  and 
the  refractive  index  of  the  material  of  the  prism. 

28.  Describe  the  method  adopted  hj  Fizeau  for  determining  the 
velocity  of  Hght. 

29.  A  brightly  illuminated  vertical  slit  in  the  shutter  of  a 
dark  room  is  looked  at  through  a  prism  with  a  vertical 
edge.  Draw  a  picture  showing  how  the  image  seen  is 
formed,  and  explain  why  it  is  coloured. 

30.  A  convergent  pencil  of  light  falls  upon  a  concave  lens. 

Trace  the  position  of  the  image  as  the  point  of  convergence 
of  the  pencil  moves  from  an  infinite  distance  up  to  the  lens. 


SECTION  ni. 

81.  Define  specific  heat. 

A  copper  isalorimeter  having  a  mass  of  125  grammes 
contains  400  grammes  of  wator  at  15^  C. ;  into  this  are 
placed  556  giummes  of  copper  at  a  temperature  of  95^  C, 
and  the  final  temperature  is  24P  C,  find  the  specific  heat  of 
copper. 

32.  YThat  is  meant  by  sayin?  that  the  mechanical  equivalent  of 
heat  is  772  foot  pounds  r  If  the  standard  substance  were 
iron  (whose  specific  heat  is  0*114i),  what  would  be  the 
value  of  the  mechanical  equivalent  of  heat  P 

33.  Distinguish  between  the  apparent  and  the  absolute  expan- 
sion of  mercury.  Describe  some  method  by  which  one  or 
the  other  may  be  experimentally  determined. 

34.  Describe  the  method  of  using  a  dew-point  hygrometer  to 
determine  the  hygrometric  state  of  the  air  in  a  room. 

35.  State  the  laws  of  fusion.  What  is  the  effect  of  pressure  in 
changing  the  temperature  at  which  water  freezes  P 
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Honours  ExaminatioiL 

Inbtbugtions. 

Bead  the  General  Instrnctions  at  tlie  head  of  the  Elementary 
paper. 

Yon  are  expected  to  attempt  all  the  questions. 

The  value  attached  to  each  question  is  the  same. 


41.  Explain  how  to  determine  the  focal  length,  the  curvatures, 
and  the  index  of  refraction  of  a  double  convex  lens  bj 
means  of  the  optical  images  obtained  by  reflection  or  by 
refraction  at  its  surfaces. 

42.  Explain  the  construction  of  a  Nicol's  prism. 

A  ray  of  light  passes  through  a  crystal  of  Icdand  spar, 
then  through  a  sdenite  plate,  and  finally  through  a  Nicol's 
prism.  Explain  the  changes  which  it  undergoes  in  its 
passage  through  each. 

43.  Describe  Andrews'  researches  on  carbonic  acid  at  various 

temperatures  and  pressures.  Draw  the  isothermal  lines 
for  this  substance,  and  explain  the  terms  critical  iempenk^ 
ture  and  critical  preuwre. 

4A.  Give  an  account  of  Dulong  and  Petit's  investigations  cm  tiie 
laws  of  cooling  of  a  hot  body  in  vacuo. 

45.  Distinguish  between  the  isothermal  and  the  adiai^aiio 
elasticity  of  a  gas,  and  show  their  relation  to  eac&  other. 
Hence  explain  how  the  velocity  of  sound  in  the  gas  may  be 
calculated.  In  the  case  of  atmospheric  air,  point  out  what 
data  are  necessary  for  the  calculalaon. 


Praotioal  Bxamination. 


Bowndm 

Determine  by  using  a  wire  stretched  with  a  weight  the  abso- 
lute pitch  of  a  tuning  fork. 

Light. 

1.  Find  the  wave  length  of  a  given  coloured  light — 

(a)  By  means  of  Newton's  rings,  using  sodium  light 
as  a  standard,  or  (/3)  by  diffraction  grating  and  spectro- 
meter. 
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2.  Determine  the  yalnes  of    the  refeactive  index    and    the 
coTYatareB  of  the  &oe6  of  a  given  lens. 

3.  Determine  the  rotating  power  of  a  given  liqoid. 

Heat. 

1.  Determine  the  specific  heat  of  a  solid,  and,  nsing  this  resnlt, 
find  the  latent  heat  of  water. 

8.  Determine  the  specific  heat  of  the  given  liquid. 


SUBJECT  EL   MAGNETISM  AND  ELEGTBIGITT. 

ExAMiHSBS,  PROFESSOR  O.  CAREY  FOSTER,  F.R.S., 
ATO  PROFESSOR  A.  W.  ROCKER,  F.R.S. 

General  Instbuotiohs. 
If  the  mles  are  not  attended  to,  the  paper  will  be  canceltod. 

You  maj  take  the  Elementary,  or  the  Advanced,  or  the 
Hononrs  pap^,  bnt  yon  must  con&ie  yoniself  to  one  of  ttiem. 

Pnt  the  number  of  the  question  before  your  answer. 

You  are  to  confine  your  answers  sirietly  to  the  questions  pro« 
posed, 

r  Your  name  is  not  given  to  the  Examiners,  and  you  arefo^ 
bidden  to  write  to  thrai  about  your  answers. 

The  examiruMon  in  this  tuhjed  lasts  for  three  hours. 


First  Stage  or  Xlementaiy  Ezamiziatlon. 
iHtrnitroiioirs. 

You  are  not  permitted  to  attempt  more  than  eight  questiona 

You  may  select  only  two  in  Magnetism,  three  ia  Frictiional 
Electricity,  and  three  in  Voltaic  Electricity. 

The  value  attached  to  each  question  is  the  same. 

Magnetism. 
1.  A  small  magnet  is  placed  upon  a  flat  cork  which  floats  in  a 
basin  of  water,  and  it  is  fastened  to  the  cork  with  a  little 
wax.  Describe  and  explain  the  behaviour  of  the  magnet 
(1)  when  under  the  influence  of  the  earth's  magnetism 
alone,  (2)  when  an  artificial  steel  magnet  is  brought  near 
to  it. 
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2.  A  compass  needle  and  a  straight  strip  of  soft  iron  of  the 

same  length  bs  the  compass  needle  are  fastened  together  so 
as  to  be  in  contact  with  each  other  at  both  ends.  Will  the 
force  which  tends  to  make  the  combination  point  north  and 
Bonth  be  the  same  as  that  which  would  act  on  the  compass 
needle  idone  P    Oiye  reasons  for  yonr  answer. 

3.  How  would  von  constnict  an  astatic  needle  oat  of  a  nnif  ormly 

magnetised  strip  of  watch  spring,  which  yon  are  allowed 
to  bend  or  break  as  yon  please  ? 

4.  If  a  compass  were  carried  round  the  eqnator,  would  it  point 

in  the  same  direction  at  all  places  P  If  not  state,  as  nearly 
as  yon  can,  what  changes  wonld  be  observed  in  its  behayioar 
during  the  journey. 

FricHonal  JElectriciiy, 

5.  A  pith  ball  is  suspended  from  a  metal  stand  hj  a  fine  thread* 

a  YOU  have  a  strongly  electrified  glass  rod,  how  can  you 
fina  out  whether  the  thread  is  a  conductor  or  a  non- 
conductor of  electricity  P 

6.  If  you  were  given  a  negatively  electrified  stick  of  sealing  wax 

and  two  metal  balls  mounted  on  insulating  supports,  how 
would  you,  with  this  apparatus,  charge  the  balls  with 
opposite  kinds  of  electrioily  P  How  comd  you  afterwards 
find  out  whether  you  had  coaxed  the  balls  as  you  intended, 
and  whether  their  chaiges  were  equal  or  unequal  P 

7.  An  insulated  conductor.  A,  is  brought  near  to  the  cap  of  a 

gold  leaf  electroscope  which  has  been  charffed  positively. 
State  and  explain  what  will  happen  (1)  if  A  is  unelectri- 
fied;  (2)  if  it  is  charged  positively;  (3)  if  it  is  charged 
negatively. 

8.  Describe  any  experiment  by  which  you  could  prove  that 

when  electrification  of  one  kind  is  produced,  the  opposite 
kind  is  also  produced  in  equal  quantity. 

9.  An  orange,  into  which  a  sewing  needle  has  been  stuck,  point 

outwards,  is  suspended  by  a  dry  silk  thread.  A  charged 
body  is  brought  near  to  it,  1st,  opposite  the  point  of  the 
needle;  2nd,  opposite  the  side  remote  from  the  needle. 
State  and  explain  the  electrical  effect  in  each  case. 

Voltaic  JElectriciiy, 

10.  Describe  and  explain   any  workable  experiment  to  prove 

that  the  terminals  of  a  galvanic  battery  differ  electrically 
in  the  same  way  as  the  conductors  and  rubber  of  an 
electrical  machine  at  work,  but  to  a  less  extent. 
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tl.  The  platinnm  and  copper  plates  of  a  (drove's  and  a  Daniell's 
cell  are  connected  by  a  wire.    Wonld  there  be  a  cnrrent  if 
tbe  zinc  plates  were  also  connected,  and  if  so  in  which 
direction  would  it  flow  ? 
What  reason  have  yon  for  yonr  answer  P 

12.  The  cnrrent  from  a  voltaic  battery  is  passed  at  the  same 
time  throngh  a  thin  wire  and  throngh  dilute  snlphnrio 
acid,  connected  in  series.  What  will  happen  to  the  wire 
and  to  the  dilnte  acid ;  and  what  change  (if  any)  will  be 
produced  in  each  case  by  reversing  the  battery  connections, 
BO  as  to  alter  the  direction  of  the  ouirent  through  the  wire 
and  liquid  P 

13.  Two  compass  needles  are  arranged  near  each  other  so  that 
both  point  along  the  same  straight  line.  A  wire  connectinff 
the  platinnm  and  zinc  ends  of  a  battery  is  stretched 
vertically  half  way  between  the  needles.  How  will  the 
cnrrent  in  the  wire  affect  the  needles,  and  how  will  the 
result  depend  upon  whether  the  platinnm  terminal  is  con- 
nected with  the  upper  or  lower  end  of  the  wire  respec- 
tively P 

14.  If  you  were  given  any  galvanic  cell  you  chose,  wire  with  aa 

insulating  covering,  and  a  bar  of  soft  iron,  one  end  of  which 
was  marked,  state  exactly  what  arrangements  you  would 
make  in  order  to  magnetize  the  iron  so  that  the  marked  ^ 
end  might  be  a  north-seeking  pole  P    Oive  a  diagTam« 


Seoond  Stage  or  Advanoed  XzaminAtioiL 

IVSTBUOnONS. 

Bead  the  General  Instructions  at  the  head  of  the  Elementary 
paper. 

Ton  are  not  permitted  to  attempt  more  than  eigJU  questions. 

You  may  only  select  two  in  Magnetism,  three  in  Frictional 
Electricity,  and  three  in  Voltaic  Electricity. 

The  value  attached  to  each  question  is  the  same. 

Magnetiefn* 

21.  What  effect  (if  any)  is  produced  (1)  on  the  weight,  (2)  on 

the  position  of  the  centre  of  gravity,  of  a  piece  of  steel  by 
magnetiidng  it  P     Give  reasons  for  your  answer. 

22.  Two  long  magnets  are  placed  vertically  with  their  north 

poles  (A  and  B)  at  the  same  level  as  the  north  pole  (C)  of 
a  compass  needle,  one  being  magnetic  east  and  the  other 
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magoetic  west  of  0.  If  the  compass  is  xiot  deflected  when 
the  distance  AG  is  twice  BC,  and  if  all  the  magnets  are  so 
long  that  the  effects  of  their  south  poles  may  be  neglected, 
show  what  are  the  relative  strengths  of  the  poles  A  and  B. 

23.  A  compass  needle  is  suspended  at  the  centre  of  a  circle 

drawn  on  a  horizontal  table.  A  magnet  is  moved  round 
the  compass  so  that  its  centre  always  ues  on  this  circle,  and 
that  its  length  always  points  magnetic  east  and  west. 
How  and  why  will  the  position  of  the  compass  needle 
change  as  the  magnet  is  carried  round  it  ? 

24.  Two  magnets  A  and  B  are  in  turn  suspended  horiaontally 
by  a  vertical  wire  so  as  to  hang  in  the  magnetic  meridian. 
To  deflect  the  magnet  A  through  45°  the  upper  end  of  the 
wire  has  to  be  turned  once  round.  To  deflect  B  through 
the  same  angle  it  has  to  be  turned  round  one  and  a  half 
times.     Compare  the  moments  of  the  two  magnets. 

FrictiofMl  Electricity,. 

25.  Describe  and  explain  the  construction  and  action  of  the 

essential  parts  of  Sir  W.  Thomson's  quadrant  electrometer. 

26.  Two  insulated  metallic  plates  are  placed  facing  each  other, 
and  each  of  them  is  connected  with  a  separate  gold  leaf 
electroscope.  If  one  plate  is  charged,  the  leaves  of  both 
electroscopes  diverge.  If  now  an  unelectrifled  slab  of 
Bulphur  is  introduced  between  the  plates  without  touching 
either,  state  and  explain  the  effect  on  each  electroscope. 

27.  A  metal  ball  A  is  placed  at  a  distance  of  1  foot  from  an 
electrified  ball  B.  It  is  then  connected  for  a  moment  with 
the  earth. . '  If  the  ball  A  is  now  placed  2  feet  from  B,  and 
again  connected  with  the  earth,  compare  the  charges 
acquired  by  A  in  the  two  oases  and  explain  the  results, 
assuming  that,  in  each  case,  the  charges  of  both  A  and  B 
are  uniformly  distributed  over  them. 

28.  An  electrical  machine  is  placed  in  an  insulated  chamber 

which  is  lined  inside  with  tinfoil.  The  rubber  of  the 
machine  is  connected  with  the  tinfoil.  What  will  be  the 
effect  upon  an  electroscope  placed  outside  and  connected 
with  the  chamber  wlien  the  machine  is  in  action  P  Explain 
your  answer. 

29.  How  would  you  arrange  an  experiment  to  deflect  the 
needle  of  a  galvanometer  by  a  current  produced  by  a 
frictional  electrical  machine?  Would  it  be  necessary,  in 
such  an  experiment,  to  insulate  the  wires  connecting  the 
galvanometer  with  the  electrical  machine  more  carefully 
tiian  if  a  galvanic  cell  were  used  in  place  of  the  machine 
Give  reasons  for  your  answer. 
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Voltaic  Electricity. 

30.  When  a  coil  of  wire  in  oonnected  in  cironit  with  a  battery 
and  a  tangent-salyanometer,  the  galvanometer  shows  a 
deflection  of  45  .  If  the  wire  is  replaced  hj  resistances  of 
24  and  25  ohms  in  tnm,  the  deflection  is  46°  in  the  first 
case  and  44°  in  the  second.  Find  the  resistance  of  the  wire. 
Tan  44°=0-966 ;  tan  45°=l-000 ;  tan  46*'=l-036. 

31.  A  cnrrent  is  passed  throngh  a  coil  of  wire  and  through  a 
voltameter  arranged  in  series  with  it.  If  the  streneui  of 
the  ciin*ent  is  Stored  so  that  the  heat  produced  per 
minute  in  the  coil  of  wire  is  doubled,  show  what  change 
will  be  produced  in  the  rate  at  whicb  chemical  action  takes 
place  in  the  voltameter. 

82,  If  an  increase  of  the  resistance  of  a  circnit  bj  10  ohms 
oauses  the  strength  of  the  cnrrent  to  decrease  £rom  5  to  2, 
find  the  total  resistance  of  the  circuit  after  the  change. 

38.  Two  bars  of  bismuth  A  and  B  are  attached  to  the  extremitieB 
of  a  bar  of  antimony,  and  a  current  is  passed  from  A  to  B. 
Is  there  any  difference,  and  if  so  what,  between  the  effects 
produced  at  the  two  junctions  P  How  does  the  effect  in 
each  case  depend  on  the  strength  of  the  current  P 

34.  A  piece  of  wire  is  bent  into  the  form  of  a  rectangle,  and  the 
ends  are  joined.  It  is  laid  upon  a  horizontal  table  with 
two  sides  pointing  magnetic  north  and  south.  If  the 
rectangle  be  turned  about  the  east  side  aa  a  hinge  so  as  to 
lie  on  the  table  to  the  east  instead  of  to  the  west  of  it,  what 
will  be  the  direction  of  the  current  which  circulates  in  the 
wire  during  its  motion^  in  consequence  of  the  earth's 
magnetism  P 


HononiB  SxaxninatioiL 
Full  marks  can  only  be  got  by  answering  all  the  questions* 


41.  Describe  the  apparatus  and  operations  necessary  for  the 
determination  of  the  mechanical  equivalent  of  heat^  by 
means  of  observations  on  the  heat  developed  in  a  wire 
when  an  electric  current  is  passed  through  it. 

42.  How  would  you  determine  the  value  of  an  unknown 
resistance  if  you  were  supplied  with  a  battery,  a  Thomson's 
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quadrant  electrometery  and  anj  wireSy  kejs,  or  resisianoe 
boxes  jon  might  reanire  ?  If  the  electrometer  were  noi 
fitted  with  a  replonisher  and  gauge,  how  would  you  guard 
against  errors  due  to  a  loss  of  charge  by  the  electro- 
meter during  the  experiment  P 

43.  Explain  exactly  how  you  would  determine  experimentally 
in  absolute  measure  the  electromotive  force  of  a  constant 
oeU. 

4A,  Two  metal  balls,  supported  by  insulating  stems  at  a  small 
fixed  distance  apart,  are  electrified  so  as  to  attract  each 
other  with  force  /.  If  now  the  balls  are  immersed  in 
bisulphide  of  carbon  (specific  inductive  capaciiy  =  2), 
show  what  force  they  will  exert  on  each  other : — 

(1.)  If  tiieir  respective  charges  remain  the  same  as  when 

they  were  surrounded  by  air. 
(2.)  If  the  difPerence  of  their  potentials  is  the  same  aa 
when  they  were  in  air. 

45.  In  an  experiment  for  the  determination  of  the  capacity  of  a 
condenser  by  the  ballistic-galvanometer  method,  connexiona 
were  made  aa  follows:  The  current  from  a  battery  of 
Leclanch^  cells  was  allowed  to  pass  continuously  through  a 
set  of  coils  of  total  resistance  ll,000  ohms.    Then  (fig.  1) 


^  /I.OO0OKM9 

.AAAAAAAAAA 

SmOOO 


Via.  1. 


the  condenser  (C)  to  be  measured  was  charged  by  joining  its 
coatings  one  to  each  of  two  points  in  the  circuit  separated 
by  an  intervening  resistance  of  3,000  ohms ;  after  which  it 
was  discharged  through  the  ballistic-galvanometer  (G),  and 
the  throw  was  read  by  the  motion  of  a  spot  of  light  on  a 
straight  graduated  scale:  mean  reading,  64'2  8(»Ie-divi- 
sions. 
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Next  (fig.  2)  the   condenser   was   removed,    and  the 
galTanometer  was  joined  in  multiple  aro  witli  a  coil  of 


^Aj\i\f\s\j\r\j\j\j\Af\j\j\j\^^ 


20,000  OHMS 

Fig.  a. 

200  olims  forming  part  of  the  batteiy-circuity  the 
resistance  of  the  gt^vanometer-branch  being  made  up  to 
20,123  ohms.  The  galvanometer  thus  showed  a  permanent 
deflexion  of  58'44  scale-divisions. 

Time  of  one  complete  vibration  of  galvanometer-needle 
=  8*452  sec. 

DetermincUion  of  Damping,  The  galvanometer-needle 
having  been  set  vibrating,  the  first  elongation  observed 
was  104  scale-divisions,  and  the  twenty-fourth  elongation 
was  45*5  scale-divisions. 


1    ,      104 
23-^"^  46^ 


:  log  1-0366. 


Distance  from  galvanometer-mirror  to  centre  of  scale 
=  85*75  cm.    300  scale-divisions  =  19'04  cm. 

The  deflections  are  so  small  that  thej  may  be  identified 
with  their  Hnes  or  tangents  without  sensible  error. 

Calculate,  from  the  above  data,  the  capacity  of  the 
condenser. 


Practical  EzaminatioiL 


Find  the  specific  resistance  of  the  given  liquid — 

(a)  By  high  resistance  galvanometer  and  condenser, 
or  (fi)  by  low  resistance  galvanometer  and  potentio- 
meter. 

Determine  the  thermo-electric  power  of  the  given  junction  at 
ordinary  temperatures^. 
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SUBJECT  Z.    INORGANIC  CHEMISTBY. 

ExAMiNEBs,  W.  J.  BTTSSELL,  Esq.,  Pfi.D.,  F.B.S.,  ahd 
PROFESSOR  T.  B.  THORPE,  B.So.,  Ph.D.,  P.RS. 

GlNIRAL  iKSTBUCnOHB. 

If  the  roleB  are  not  attended  to,  the  paper  will  be  cancelled. 

You  may  take  the  Elementary,  or  Alternative  Elementary, 
or  the  Advanced,  or  the  Honours  paper,  but  you  must  confine 
yourself  to  one  of  them. 

Put  the  number  of  the  question  before  your  answer. 

The  value  attached  to  each  question  is  indicated  by  a  number 
placed  at  the  end  of  the  question.  But  a  full  and  correct  answer 

<  to  au  easy  question  will  in  all  cases  secure  a  larger  number  of 
marks  than  an  incomplete  or  inexact  answer  to  a  more  difficult 

,  ane. 

You  are  to  confine  your  answers  strictly  to  the  questions 
.proposed. 

Your  name  is  not  given  to  the.EzamineiB,  and  you  are  for- 
bidden to  write  to  them  about  your  answers. 

The  examination  in  this  subject  lasts  for  three  hours. 


First  Stage  or  Elementary  Examination. 

Instbuctions. 

You  are  permitted  to  attempt  only  eight  questions. 

Whenever  possible,  you  are  to  express  the  reactions  in  equa- 
tions. 

You  are  to  give  such  numerical  details  as  will  show  the  mode 
of  calculation. 

K  =  391.    CI  =  35-5.    0  =  16. 

1.  Classify  the  following  substances  as  elements  and  com- 
pounds: chalk,  graphite,  water,  sulphur,  iron,  ammonia, 
oil  of  vitriol,  chlorine,  diamond,  ozone.  (8.) 

2.  How  would  you  distinguish  hydrochloric  acid  from  nitric 
acid  ?  Give  the  f ormulaD  of  the  two  acids,  and  describe  the 
preparation  of  a  salt  of  each  acid.  (13.) 
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8.  Express  in  the  form  of  equations  the  action  of 

(1.)  Heat  upon  mercnric  oxide. 

(2.)  Snlphnric  acid  upon  common  salt. 

(8.)  Hydrochloric  acid  npon  marble. 

(4.)  Nitric  acid  npon  copper. 

(5.)  Steam  npon  red  hot  iron.  (13.) 

4.  Bj  what  experiments  can  yon  prove  that  the  ^  contains 

^ths  of  its  Volnme  of  nitrogen  ?  (9.) 

fi.  How  could  yon  convert  snlphnr  dioxide  into  snlphnric  aoic^ 

and  snlphnric  acid  into  snlphnr  dioxide  P  (18.) 

6.  100  cb.c  of  air  are  passed  over  red  hot  charcoal.  How  would 
yon  ascertain  if  the  air  was  altered  in  volume  or  had 
experienced  any  alteration  in  properties  P  (18-) 

7.  How  many  litres  of  oxygen  gas  measured  at  10^  0.  and 

755  mm.  can  be  obtained  from  1  kilogram  of  potassium 
chlorate  ? 
(1  litre  of  oxygen  at  0°  and  760  mm.  =  1-43  grams.)  (15.) 

8.  What  is  meant  by  the  term  allotropyP  Describe  the 
various  allotropic  modifications  of  sulphur,  oxygen,  and 
carbon.  (10.) 

9.  How  would  you  prepare  nitrous  and  nitric  oxides  P  Give 
equations  for  the  reactions,  and  state  how  yon  would 
recognise  these  bodies.  (11.) 

10.  Explain  what  is  implied  by  the  following  terminations : — 

'OUSy  'iCf  -t^e,  -ate,  and  -ide.  and  give  examples  of  their  use. 

(10.) 

11.  How  are  the  two  oxides  of  carbon  prepared,  and  by  what 
tests  may  they  be  recognised  P  (1^*) 

12.  Why  is  the  flame  of  a  taper  extinguished  in  nitrogen  eas 

ana  why  does  it  continue  to  bum  in  air  P  (9.) 


Alternative  First  Stage  or  Elementary  Examination. 

Instructions. 
You  are  permitted  to  attempt  only  eight  questions. 


21.  A  glass  of  water  is  exposed  to  the  air.  In  time  the  water 
disappears  into  the  air.  How  do  you  account  for  thisP 
How  could  you  prove  that  there  is  moisture  in  air  P 

(13.) 

22.  Air  is  passed  over  red-hot  iron.  What  change  deed  this 
cause  in  the  air  and  in  the  iron  P  (9.) 
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23.  How  could  70U  show  tliat  the  gas  obtained  by  diasolying 
marble  in  hydrochloric  aoid  is  also  contained  in  thebraathr 

(10.) 

24.  Two  samples  of  water  are  given  to  jrou.  One  is  a  hard 
water,  and  the  other  is  distilled  water.  Describe  two 
methods  of  distingnishing  between  them.  (13.) 

25.  What  is  vinegar  P  How  is  it  prepared  P  Vinegar  is  ponred 
npon  washing  soda.    What  happens  P  (9.) 

26.  Ammonia  is  classed  as  an  alkali.  WhyP  Name  some  of 
the  soarces  from  which  it  can  be  obtained,  and  give  its 
composition.  (15.) 

27.  A  piece  of  lead,  a  piece  of  copper,  and  some  meronry,  are 
separately  heated  in  a  cmcible  over  a  lamp.  Describe 
what  occurs  in  each  case.  (11.) 

28.  From  what  substances  can  starch  be  obtained  P  Of  what 
is  it  composed,  and  how  does  it  behave  when  boiled  with 
water  P  (13.) 

29.  Name  some  commonly  occurring  compounds  of  sodium. 

How  can  you  show  that  chlorine  is  a  constitnent  of  common 
saltP  (10.) 

30.  What  substances  are  contained  in  flour  P  How  can  they  be 
separated,  and  what  essential  difference  is  there  in  their 
composition  P  (12.) 

81.  What  is  meant  by  saying  that  a  solution  is  saturated  P 
How  would  you  prove  that  no  loss  of  weight  occurs  irhea  a 
substance  is  dissolved  in  water  P  (8.) 

82.  What  are  the  distinguishing  characters  of  cast  iron, 
wrought  iron,  and  steel  P    Wnat  is  iron  rust  P  (13.) 


Second  Stage  or  Advanced  Examination. 

Instbuctionb. 

Bead  the  (General  Instructions  at  the  head  of  the  Elementary 
pap 


Ton  are  only  permitted  to  attempt  eight  questions. 

Whenever  possible,  you  are  to  express  the  reactions  in  equa- 
tions. 

You  are  to  give  such  numerical  details  as  will  show  the  mode 
of  calculation. 


Mg  =  24.    Ca  =  40.    K  =  391.    S  =  32.    0  =  16.     H=  1. 
Na=23.    01  =  36-6. 

41.  By  what  leading  characters  are  the  metals  distinguished 
from  the  non-metals  P  (10.) 
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42.  Explain  what  is  meant  by  the  atomic  value  or  valency  of 
an  element,  and  arrange  the  following  bodies  according 
to  their  valency:  Iron,  Copper,  Platinum,  Phosphorus, 
Lead,  Silicon,  Calcium,  Sodium,  Chlorine,  Zinc,  Bismuth, 
Tin,  Sulphur,  Arsenic,  and  Carbon.  (12.) 

43.  How  many  tons  of  oil  of  vitriol  containing  70  per  cent. 
H,S04  are  needed  to  convert  100  tons  of  salt  into  salt- 
cake  ?  (12.) 

44.  Calculate  the  vapour  density  of  ammonium  chloride.  By 
experiment  it  is  found  to  be  13*345.  How  do  you  explain 
the  dilEerence  between  the  calculated  and  observed  results  ? 
Can  you  give  any  experimental  evidence  in  support  of  your 
explanation  P    Do  you  know  of  any  other  similar  cases  ? 

(16.) 

45.  How  can  you  estimate  accurately  the  amount  of  carbonio 
acid  in  atmospheric  airp  What  causes  tend  (1)  to 
augment  and  (2)  to  diminish  its  proportion  in  air  P 

46.  How  could  you  distinguish  a  chlorate  from  a  perchlorate ; 
a  phosphite  from  a  phosphate ;  a  sulphite  from  a  sulphate ; 
an  arsenite  from  an  arsenate  P  (12.) 

47.  How  is  hydrofluoric  acid  prepared?  Explain  its  action 
upon  quartz,  glass,  zinc,  and  sodium  carbonate.         (12.) 

48.  Calculate  the  formula  of  a  body  which  has  the  following 
percentage  composition : — 

Magnesium  ••         ..       3*98 


Calcium 
Potassium 

Sulphuric  acid  (SO4) 
Wat^r       . . 


13-28 

12-99 

6377 

5-98 


10000    ^      (15.) 
49.  Describe  the  method  by  which  metallic  lead  is  obtained 
from  galena.      What  compounds  of  lead  and  oxygen  are 
known  P     How  are  they  prepared  from  metallic  lead  P 

(11.) 

60.  What  is  aqua  regia  ?    What  compounds  are  formed  by  its 
action  upon  gold  and  platinum  ?  (11.) 


Honours  Ezamlnatioiii 

iNSTRtJCTlOifS. 

Bead  the  General  Instructions  at  the  head  of  the  filetncntary 
pax>er. 
You  are  only  permitted  to  aUempi  sia  questions. 

(630)  f 

Digitized  by  VjOOQIC 


82  i.— mORGAKIO  OHEMTSTRY. 

Whenerer  possible,  yon  are  to  express  the  reactions  in  equa- 
tions. 

Yon  are  to  give  such  numerical  details  as  will  show  the  mode 
of  calculation. 


H  =  1.    0  s=:  15-96.    K  =  3903.    Br.  =  7976.    Ag.  a=  107-60. 

61.  lUusfcrate  the  value  of  isomorphism  as  a  means  of  chemical 

classification.  (13-) 

62.  An  unknown  quantity  of  potassiam  brombaurate,  AuBrjXBr 
on  being  heated,  left  9*92451  grams  of  a  mixture  of  metallic: 
gold  and  potassium  bromide.  The  mass,  on  being  treated 
with  water,  left  6*18997  grams  of  gold.  The  solution  of 
KBr  required  3*38540  grams  of  silver  for  total  precipitation 
by  Stas's  method,  and  afforded  5-89143  grams  of  silver 
bromide.  These  data  afford  three  independent  values  for 
the  atomic  weight  of  gold,  which  you  are  required  to 
calculate.  (18.) 

63.  What  is  the  evidence  that  the  molecules  of  most  of  tlie 

elements  consist  of  two  atoms  j'    Kame  the  bodies  whose 
molecules  seem  to  consist  of  only  one  atom.  (1^0 

64.  The  following  is  an  analysis  of  a  sample  of  water : — 

Total  solids 4*4  grains  per  gallon, 

Kitrogen,  as  nitratos  and  nitrites  '017  „ 

Ammonia    '002  „ 

Albumenoid  ammonia *005  „ 

Chlorine 800  „ 

Temporary  hardness  0*1.        Permanent  hardness  2'4. 
Total  hardness  2*5. 

Describe  how  such  determinations  are  made,  and  give 
your  opinion  and  the  reasons  on  which  it  is  based  as  to  the 
suitability  of  this  water  for  drinking  purposes.  (1>6*) 

65.  Phosphoryl  chloride  has  been  variously  written 

/CI  OCl 

0  =  PfCl    and    PCI 
^Cl  CI 

Which  is  the  more  probable  formula,  and  why  p       (17.) 

66.  Give  some  account  of  the  modern  views  of  nitrification, 
and  describe  the  nature  of  the  experiments  on  which  they 
are  founded.  (14.) 

67.  What  grounds  had  Mendelejeff  for  predicting  the  existence 

of  the  elemente  gallium,  scandium,  and  germanium?  (18). 

68.  Describe  the  methods  of  determining  by  volumetric  analysis 
the  following  substances :  phosphoric  acid,  peroxide  of 
hydrogen,  nitrio  add,  and  sal-ammoniac.  (16.) 
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SUBJECT  Xp.    PRACTICAL  INORGANIC 
CHEMISTRY. 

ZSlementary  Stage. 

BxAMiKBBS,  W.  J.  EUSSBLL,  Esq.,  Ph.D.,  F.R.S.,  ksd 
PKOFESSOR  T.  E,  THORPE,  B.Sc,  Ph.D.,  P.R.S. 


iHSTttUCTIOK. 

If  the  roleB  are  not  attended  to,  the  paper  will  be  cancelled. 


Yon  are  only  permitted  to  attempt  two  questions. 

Puf  the  number  of  your  question  before  your  answer. 

The  7alue  attached  to  each  question  is  indicated  by  a  number 
plfused  at  the  end  of  the  question. 

You  are  to  confine  your  answers  strictly  to  the  questions  pro- 
posed. 

Your  name  is  not  given  to  the  Examiners,  and  you  are 
forbidden  to  write  to  them  about  your  answers. 

The  examination  in  this  paper  lasts  for  one  hour. 


1.  You  are  required  to  prepaire  and  collect  some  ammonia  gas, 

and  to  show  by  experiment'  its  most  important  properties. 
Describe  in  detail  how  you  would  do  this,  and  give  a  sketch 
of  the  apparatus  you  would  use.  (1^0 

2.  The  following  res^gents  are  added  separately  taa  solution  of 
Xsbpper  sulphate : — Caustic  potash,  barium  nitrate,  ammonia 
ammonium  sulphide.  •   Describe  what  happens  in  each  case, 
and  represent  the  changes  by  equations.  (lO*) 

3.  A  sample  of  lime,  which  has  been  exposed  to  the  air,  is 
suspected  to  contain  carbonic  acid.  How  could  you  ascer-* 
tain  and  prove  that  such  was  the  case  ?  0-0.) 
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SUBJECT  ILp.    PBAGTIGAL  INORGANIC 
CHEMISTBY. 


PRACTICAL   EXAMINATION   IN   CHEMICAL 
ANALYSIS. 


ExAMiNBES,  W.  J.  RUSSELL,  Esq.,  Ph.D.,  F.R.S.,  and 
PROFESSOR  T.  E.  THORPE,  B.Sc,  PH.D.i  F.R.S.  1 


Instrtictums  to  Candidaies. 
Analysis  Tables  and  Works  on  Chemistry  may  hot  be  used. 

Elementary  Stage. 


The  practical  work  for  the  elementary  stage  examination  is 
confined  to  the  qualitative  analysis  of  two  mixtures,  each  con- 
taining not  more  than  two  metals  and  one  acid  from  the  following 
list: 

Lead,  mercury,  bismuth,  iron,  calcium,  potassium,  am- 
monium, carbonic  acid,  nitric  acid,  sulphurio  acid, 
hydrochloric  acid. 


Two  and  a  quarter  hours  are  allowed  for  this  part  of  the 
examination. 
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SUBJECT  Xp.    FBAGTIGAL  INOBGANIO 
CHEMISTBT, 

PRACTICAL   EXAMINATION   IN   CHEMICAL 
ANALYSIS. 


ExAiimBBs,  W.  J.  RUSSELL,  Esq.,  Ph.D.,  P.R.S.,  and 
PROFESSOR  T.  E.  THORPE,  B.Sc,  Ph.D.,  P.R.S. 


Inatriidione  to  Candidates, 
Analyais  Tables  and  Works  on  Cbemistiy  may  not  be  osed. 

Advanced  Stage. 

The  two  test  sabstances  supplied  for  qualitative  analysis  to 
candidates  in  the  adyanced  stage  consist  of  mixtures,  each 
of  which  may  consist  of  not  more  than  two  simple  salts,  the 
materials  of  which  may  be  selected  from  the  following 
list : — Potassium,  sodium,  ammonium,  magnesium,  calcium, 
strontium,  barium,  aluminium,  chromium,  zinc,  manganese, 
iron,  cobalt,  nickel,  arsenic,  antimony,  tin,  cadmium, 
copper,  bismuth,  mercury,  lead,  silver,  hydrosulphurio 
acid,  hydrochloric  acid,  hydrobromio  acid,  hydriodic  acid, 
sulphurous  acid,  nitric  acid,  chloric  acid,  carbonic  acid, 
hydrofluoric  acid,  phosphoric  acid,  sulphuric  acid. 

Three  and  a  quarter  hours  are  allowed  for  this  fart  of  the 
exavunation. 


Honours, 

Three  substances  are  supplied  to  each  candidate  in  honours,  two 
for  qualitative  and  the  third  for  quantitative  analysis. 

The  two  substances  supplied  for  qualitative  analysis  consist  of 
mixtures,  which  must  be  examined  for  all  the  bodies 
named  above  in  the  instructions  for  the  advanced  stage. 

The  substance  for  quantitative  analysis  need  not  be  analysed 
qualitatively. 
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QuantUative  Analysis, 

Each  candidate  is  famished  with  a  numbered  bottle  containing 
a  powder  in  which  iron  has  to  be  quantitatively  determined. 

The  results  must  be  expressed  in  grams  of  iron  (Fe)  in  100 
grams  of  the  powder.     Pe  =  66. 

The  candidate  is  recommended  to  weigh  out,  accurately,  from 
1  to  2  grams^f  the  powder,  for  the  purpose  of  analysiB. 

The  candidate  must  not  6mit  to  place  upon  his  worked  paper 
the  number  attached  to  the  bottle  containing  the  powder 
he  has  analysed. 

Eight  hours  are  allowed  for  the  esMiminations  in  quaUtaiive 
and  quantitative  analysis  in  Ho7U)urs» 


SUBJECT  Xp.     FRAGTIGAL  INORGANIC 
CHEMIBTBY. 

Advaaoed  Stago. 

BxAMiHEBS,  W.  J.  RUSSELL,  Ssq.,  t^H.D.,  F.R.S.,  and 
PROPBSSOE  T.  B.  THORPE,  B.Sc,  Ph.D.,  P.R.S. 


GsirfiRiL  IirsTttucTioirs. 
If  the  roles  are  not  attended  to,  the  paper  will  be  cancelled. 

You  are  only  permitted  to  attempt  two  questions. 

Pat  the  number  of  the  question  before  your  answer. 

The  value  attached  to  each  question  is  indicated  by  a  number 
placed  at  the  end  of  the  Question. 

Whenever  possible  y6a  are  to  express  reactions  in  eqoations. 

You  are  to  coufine  your  answers  strictly  to  the  questions 
proposed. 

Your  name  is  not  given  to  the  Examiners,  and  you  are 
forbidden  to  writo  to  them  about  your  answers.    J 

The  e»aminaHon  ith  this  paper  lasts  for  one  hour. 
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1.  A  sample  of  hydrogen  is  supposed  to  be  mixed  with  smail 

amounts  of  aqaeons  vapour,  carbonic  acid,  and  oxygen.  How 
would  you  free  it  from  these  gases  ?  Give  a  sketch  of  the 
apparatus  you  would  use.  (1^0 

2.  Describe  the   reactions,   giving   equations,  by  which  ypu 

would  prove  the  presence  of  zinc  nitrate  in  a  solution. 

3.  How  could  you  show  that  silica  was  contained  in  fliot, 
phosphoric  oxide  in  bone-ash,  and  lime  and  alumina  in  coal- 
Lh?^  (15.) 


SUBJECT  XI.     OSGANIG  GHEMIST&7. 

BxAMiNBBS,  W.  J.  RUSSELL,  Esq.,  Ph.D.,  F.R.S.,  and 
PROPESSOE  T.  E.  THORPE,  B.Sc,  .Ph.D.,  F.R.S. 


Gbnbbal  Ikstbuctioks. 
If  the  rules  are  not  attended  to,  the  paper  will  be  cancelled. 

You  xnaj  take  the  Elementary,  or  the  Advanced,  or  the 
Honours  paper,  but  jou  must  confine  yourself  to  one  of  them. 

Pat  the  number  of  the  question  before  your  answer. 

Whenever  possible,  you  are  to  express  the  reactions  by  equa- 
tions. 

You  are  to  give  such  numerical  details  as  will  show  the  mode 
of  calculation. 

The  value  attached  to  each  question  is  indicated  by  a  number) 
placed  at  the  end  of  the  question,  but  a  full  and  correct  answer 
to  an  easy  question  will  in  all  cases  secure  a  larger  number  of 
marks  than  an  incomplete  or  inexact  answer  to  a  more  difficult 
one. 

You  are  to  confine  your  answers  strictly  to  the  questions 
proposed. 

Your  name  is  not  given  to  the  Examiners,  and  you  are  for- 
bidden  to  write  to  them  about  your  answers. 

The  examination  in  this  subject  lasts  for  tJiree  hours,' 
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Tlrrt  stage  or  Elementary  Examination. 

IK8TBUCTI0N8« 

Yon  are  permitted  to  attempt  only  eigU  q^uestionSt 


1.  Describe  the  method  of  conductiiig  an  ultimate  organic 
analysis  of  ethyl  alcohol,  (12.) 

2.  What  do  yon  nnderstand  by  the  term  ethereal  salt  ?  De- 
scribe the  preparation  and  properties  of  two  such  bodies, 

(10.) 

8.  What  is  the  general  formula  of  the  paraffins?  Describe 
their  general  properties.  How  may  methane  be  obtained 
from  inorganic  matei*ials  P  How  may  this  gas  be  converted 
into  chloroform  and  into  carbon  tetrachloride  P  0-^*) 

4.  Describe  the  yarions  methods  of  preparing  acetic  acid.     How 

would  you  obtain  the  pure  acid  from  a  ddlnte  solntionp 

(9.) 

5.  How  are  the  nitrite,  nitrate,  sulphate  and  acid-sulphate  of 
ethyl  prepared  ?  Point  out  the  analogy  between  these 
substances  and  the  corresponding  potassium  compounds. 

(9.) 

6.  Describe  the  preparation  of  acetaldehyde,  and  the  experi- 

ments which  illustrate  its  most  characteristic  properties. 

(11.) 

7.  How  would  you  obtain  prussic  acid  from  mercuric  cyanide  ? 

From  what  body  is  it  usually  prepared?     By  what  tests 
can  very  small  quantities  of  it  be  recognised  P  (13-) 

8.  How  can  carbonyl  chloride  be  prepared  from  its  elements  ? 

Give  some  account  of  its  properties  and  reactions,     (13.) 

9.  How  is  ethyl  iodide  obtained?  What  is  the  percentage 
amount  of  iodine  contained  in  it  ?     (1=  127.)  (18.) 

10.  What  reasons  are  there  for  the  statement  that  cyanogen 

acts  like  an  clement?     What  is   formed   when  this  gas 
bums  in  the  air  ?  (10.) 

11.  How  is  methyl  alcohol  obtained  ?     How  may  it  be  converted 
into  formaldehyde  and  formic  acid  ?  (13.) 

12.  Why  is  carbon  considered  a  tetrad  element  ?  (8.) 
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Second  Stage  or  AdTaaced  Bzaminatioxu 

iNSTEUCXrONS, 

Bead  the  General  Instructions  at  the  head  of  the  Elementary 
paper. 

Yon  are  permitted  to  attempt  onlj  eight  questions, 


21.  The  nitrogen  in  an  organio  body  has  to  bo  determined  by 
the  soda-lime  process.  Describe  fully  how  you  would  do  it, 
and  state  the  changes  which  occur.  (1-2.) 

22.  Describe  the  various  steps  by  which  ethyl  alcohol  may  be 
converted  into  oxalic  acid.  (15.) 

23.  How  is  the  combination  of  zinc  with  the  radical  ethyl 
obtained  P  What  are  its  properties,  and  what  action  lias 
water  upon  it  P  (10.) 

24.  How  can  urea  be  obtained  synthetically  from  inorganic 
materials  P  Describe  the  reaction  by  which  it  was  first 
artificially  prepared.  (12.) 

25.  By  what  reactions  would  you  demonstrate  that  mannite  is  a 
hezhydric  alcohol  P  What  conclusions  may  bo  drawn  from 
the  action  of  nascent  hydrogen  upon  grape-sugar  P    (12.) 

26.  Describe  the  preparation  of  uric  acid  from  serpent's  urine, 
and  give  the  properties  of  the  acid  and  its  alkaline  salts. 

(10.) 

27.  Explain  fully  why  ethyl  ether  has  the  formula  CjHj  1  q  p 

CjHjj 
(12.) 

28.  Calculate  the  vapour  density  of  an  organic  liquid  from  the 
following  data  obtained  by  the  Hofmann  method. 

Weight  of  liquid 0-338  gram. 


Vol.  of  vapour 

Temp. 

Bar. 

Height  of  col. 


109-80  o.cm. 
QQ-SO**  C. 
746-9  mm. 
283-4    „         (15.) 


29.  Give  the  composition  of  benzene.  The  relation  it  bears  to 
phenol  is  said  to  be  analogous  to  that  which  marsh  gas 
bears  to  ordinary  alcohol.  Explain  the  grounds  upon  which 
this  statement  is  based.  What  is  the  experimental  evidence 
that  toluene  is  methyl-benzene  P  (12.) 

30.  Describe  what  is  meant  by  a  compound  ammonia.  By  what 
reaction  is  ethylamine  obtained?  Give  its  composition 
and  properties.  (10.) 
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Honours  Xzamiziatton. 

Instbuctions. 

Bead  the  Ge^eral  lostmctions  at  the  bead  of  the  Elementary 
paper. 

You  are  permitted  to  attempt  six  questions. 

0=12.    N=14.    S=32. 

41.  How  Is  acetone  prepared  P     Describe  the  modes  of  its  re- 

action with  the  following  bodies  :  nascent  hydrogen,  hydro- 
cyanio  acid,  phosphorus  pentachloride,  hydrochloric  acid, 
and  ammonia.  (1^0 

42.  Give  an  account  of  the  bodies  formed  by  the  action  of 
carbonic  oxide  upon  potassium.  (^^0 

48.  In  what  respects  has  a  correspondence  between  chemical 
constitution  and  optical  properties  been  traced  in  the  case 
of  organic  compounds  ?  (1^*) 

44.  Calculate  the  formula  of  a  body  which  has  the  following 
percentage  composition : — • 

0  —  16-80 
H—  526 
N  —  36-84 
S  —  4210 


100-00 


The  body  is  obtained  by  heating  ammonium  thiocyanate 
Name  it  and  describe  its  chief  properties  and  reactions. 

(18.) 

45.  Picoline  and  aniline  have  the  same  percentage  composition. 

How  are  they  obtained  P  Slate  what  you  know  respecting 
their  constitution.  (16.) 

46.  Give  some  account  of  thiophene  audits  principal  derivatives. 

(13.) 

47.  What  isomeric  di-substitution  products  are  formed  from  the 

chief  mono-substituted  benzene  compounds  by  the  action  of 
(a)  chlorine;  (h)  nitric  acid;  (c)  sulphuric  acid;  where 
mixtures  are  obtained,  state  which  isomeride  predominates. 

(18.) 

48.  Give  some  account  of  the  principal  reseaiches  in  organic 
chemistry  associated  with  the  names  of  Liebig,  Dumas, 
Wvxt^f  Laurent,  and  Gerhardt.  (17».} 
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SUBJECT  Xli'.    PBAGTICAL  ORGANIC 
CB£KISXSY. 

ExAMiMBS,   W.  J*  RUSSELL,  Esq.,  Ph.D.,  F.B.S.,  and 
PROFESSOR  T.  E.  THORPE,  B.Sc,  Ph.D.,  P.R.S. 


Genebal  LrSTRUOnONS. 

It  the  nilefl  are  not  attended  to,  the  paper  will  be  cancelled. 

Yoa  mnst  take  the  same  stage  in  this  written  examination 
that  jou  are  taking  in  the  examination  in  Practical  Analysis 
in  this  subject. 

Put  the  number  of  the  question  before  jour  answer. 

The  value  attached  to  each  question  is  indicated  bj  a  number 
placed  at  the  end  of  the  question. 

Tou  are  to  confine  your  answers  strictly  to  the  questions 
proposed. 

Tour  name  is  not  given  to  the  Examiners,  and  you  are  for« 
bidden  to  write  to  them  about  your  answers. 

The  examination  in  this  pa^er  lasts  for  one  hour. 


First  Stage  or  Elementary  Examination. 

Ikstbuctioxs. 
Toil  are  only  permitted  to  attempt  two  questions. 


1.  Describe  the  preparation  of  ether  by  the  continuous  process, 

and  give  a  sketch  of  the  apparatus  employed.  (10.) 

2.  How  could  you  show  that  oxalic  acid  heated  with  oil  of 
vitriol  yields  equal  volumes  of  carbon  monoxide  and  carbon 
dioxide?  (15.)      , 

3.  How  would  you  demonstrate  that  strong  sulpburic  acid  and 
dilute  sulphuric  acid  act  difEerently  upon  potassium  ferro- 
cyanideP  (10.) 


Digitized  by  VjOOQIC 


92  2Llp.— PRAOTIOAL  OBGANIO  CHEMISTRT. 

Second  Stage  or  Advmoed  'KxaTninattoiu 

iNSTRUCnOHS. 

Bead  the  GenenJ  Instraotions  at  the  bead  of  the  Elementary 
paper. 

Ton  are  only  permitted  to  attempt  two  questions. 


21.  Describe  the   methods   for    determining  the  presence  of 
chlorine,  snlpbnr,  and  phosphorus  in  ox^ganio  oomponnds. 

(15.) 

22.  How  would  you  prepare  stearic  acid  from  suet  P         (10.) 

23«  Describe  fully  how  to  prepare   absolute  alcohol.     What 
tests  would  you  apply  to  prove  that  it  was  anhydrous  P 

(10.) 


SXTBJECT  1J.P.    PRACTICAL  ORGANIC 
CHEMISTRY. 


PBAOTICAL  EXAMINATION  IN  CHEMICAL 
ANALYSIS. 

BxAMniiES,   W.  J.  RUSSELL,  Esq.,  Ph.D.,  F.R.S.,  akd 
PROFESSOR  T.  E.  THORPE,  B.Sc,  Ph.D.,  F.R.S. 


Instructions  to  Candidates. 
Analysis  Tables  and  Works  on  Chemistry  may  not  be  used. 


Elementary  Stage. 

The  practical  work  for  the  Elementary  Stage  Examination  is 
confined  to  the  qualitative  analysis  of  two  mixtures,  which  may 
each  contain  not  more  than  two  of  the  following  constituents, 
together  with  an  inorganic  base  or  bases  which  need  not  be 
determined : — 

Formic  acid,  acetic  acid,  oxalic  acid,  tartaric  acid,  salicylic 
acid. 

Two  and  a  quarter  hours  are  allowed  for  this  part  of  the 
examinaiion. 
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Advanced  Stage. 

The  practical  work  for  the  advanced  stage  examination  in 
confined  to  the  qnalitative  analysis  of  two  substances,  each 
of  which  may  contain  not  more  than  two  organic  bodies 
selected  from  the  following  list :  Hydrocyanic  acid,  ozah'o 
acid,  acetic  acid,  tartaric  acid,  citric  acid,  salicylic  acid, 
grape  sugar,  starch,  morphine,  and  nrea. 

Any  inorganic  bodies  present  need  not  be  determined. 

Three  and  a  quarier  hours  are  aUotved  for  this  part  of  the . 
examination. 


Honours. 

The  examination  in  Honours  consists  of  a  qualitative  analysis  of 
the  two  mixtures  supplied,  and  of  the  determination  of  the 
percentage  of  carbon  and  hydrogen  contained  in  the  organic 
substance  distributed  for  this  purpose. 

The  bottle  marked  (A)  contains  a  substance  in  which  the  per- 
centage of  carbon,  hydrogen,  and  oxygen  (tho  latter  by 
loss)  IS  to  be  determined  by  Organic  Analysis. 

Eight  hours  are  allowed  for  the  examinations  in  qualitative  and 
quantitative  analysis  in  Honours, 


BtTBJEGT   Xn.     GEOLOOY. 

ExAHiNER,  H.  W.  BEISTOW,  F.R.S.,  F.G.S. 


OlNXBAL  IVSTKUCTIONS. 

If  the  rules  are  not  attended  to,  the  paper  will  be  cancelled. 

Tou  may  take  the  Elementary,  or   the  Advanced,  or  the 
Honours  paper,  but  you  must  contine  yourself  to  one  of  them. 

Put  the  number  of  the  question  before  your  answer. 
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Ton  are  to  confine  your  answers  strictly  to  the  questions 
proposed. 

The  value  attached  to  each  question  in  the  Elementarj  and 
Advanced  papers  is  shown  in  brackets  after  the  question,  but  a 
full  and  correct  answer  to  an  easy  question  will  in  all  cases 
secure  a  larger  number  of  marks  than  an  incomplete  or  inexact 
answer  to  a  more  difficult  one. 

Your  name  is  not  given  to  the  Examiner,  and  you  are 
forbidden  to  write  to  him  about  your  answers. 


The  examination  in  this  subject  lasts  for  three  Tiours, 


Pint  Stage  or  Blementary  Bzaminatlon. 

Instructions. 

Bead  the  General  Instructions  on  Page  1. 

You  are  permitted  to  attempt  eight  questions  only. 


1.  Write  the  names  of  six  simple  minerals  which  are  of  im- 
portance in  the  composition  of  rocks.  ^        (I0-) 

2   Mention  the  main  differences  between  clay,  marl,  and  loam. 

(10.) 

3.  What  is  conglomerate  P      Compare  it  with  breccia,  and 

state  what  each  proves.  (10.) 

4.  How  does  river- water  differ  fifom  rain-water  ?  (10.) 

6.  What  is  the  nature  of  the  evidence  from  which  we  arrive 

at  the  conclusion  that  an  arctic  climate  formerly  prevailed 
in  the  British  Isles  ?  (15-) 

.6.  State  the  broad  distinction  between  flagstones,  slates  and 
shales.  (1^-)    - 

7.  Explain  the  meaning  of  the  term  "  drift,**  as  nsed  in  geology. 


Digitized  by  VjOOQIC 


Xfl.— geoloqY.  95 

'  8.  Name  the  diief  coalfields  of  England^  Draw  a  section 
through  one  of  them.  (15.) 

9.  What  is  a  trap-djke  ?     How  deed  it  differ  from  a  fault  or 
from  a  mineral  vein  ?  (1^0 

10.  What  are  the  tests  on  which  you  would  rely  for  judging  of 

the  age  of  sedimentary  rocks  ?  (l^O 

11.  Write  in  proper  order,  beginning  with  the  newest.  Car- 
boniferous Limestone,  Chalk,  Combrash,  Forest  Marble, 
Kimeridge  Clay,  Jjower  Greensand.  (15.) 

12.  In  what  rocks  do  vertebrate  animals,  cephalopods,  crusta- 

ceans, and  land-plants  first  appear  ?  (15.) 


Second  Stage  or  Advanced  Examination. 

Ikstructions. 

Bead  the  General  Instructions  on  Page  1. 
Ton  are  permitted  to  attempt  six  questions  only. 


il.  Explain  the  chief  difEerences  between  the  results  of  sub* 
aerial  and  mainne  denudation.  (^0 

22.  Explain  the  terms  Pisolite,  Comstone,  Anhydrite,  Quartzite, 

Travertine,  TufF,  Dolomite.  (25.) 

23.  Explain  the  processes  by  which  fossils  have  been  preserved. 

In  what  British  sedimentary  rocks  are  they  rare  or  absent  ? 
What  explanation  can  yon  give  for  this  ?  (^0.) 

24.  What  are  alluvial  deposits  P     What  economic  products  are 

obtained  from  them  in  Britain  ?  (25.) 

25.  In  what  sense  is  the  word  "  cleavage "  used  by  geologists 

and  mineralogists  ?  (15.) 

26.  Briefly  describe  the  formation  of  a  coal-seam^  and  of  the 
strata  with  which  it  is  associated.  (15.) 

27.  Name  the  more  important  genera  of  Oamivora  which  are 
found  in  the  bone-caves  of  Britain.  How  are  these  caves 
formed?  (15.) 
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28.  Under  what  circamstanceB  do  the  outcrop  and  strike  of 
strata  not  coincide  ?  (15.) 

29.  State  the  division  of  the  Animal  Kingdom  to  which  each 
of  the  following  fossils  belongs,  and  give  its  geological 
range: — ^Nnmmalites,  Prodactus,  Hippopodinm,  Trigonia^ 
Mnrchisonia,  Orthoceras  (&.) 

80.  What  class  of  fossils  are  of  most  importance  in  the  identifi" 
cation  of  stratified  rocks  P      Give  reasons  for  voor  answer. 

(15.) 


Honours  Ezaminaiion. 

TNSTRUCnOHS. 


Bead  the  General  Instructions  on  Page  1. 
You  are  permitted  to  attempt  all  the  questions. 
The  value  attached  to  each  question  is  the  same. 


41.  Compare  the  rocks  which  come  between  the  Silurian  and 
the  Carboniferous  in  Devonshiroi  South  Wales,  and  the 
South  of  Ireland. 

42.  Describe  Serpentine.  Mention  the  explanations  which  have 
been  advanced  as  to  the  mode  of  its  origin. 

43.  Describe  the  Elgin  Sandstones,  their  geological  age,  and 
their  fossil  contents. 

44.  What  are  mineral  veins  P    How  have  they  been  formed,  and 

what  are  their  usual  contents  P     Illnstrate  your  answer  by 
a  description  of  some  special  district. 

45.  Explain  the  mode  of  formation  of  gypsum  and  rock-salt. 
Describe  the  more  important  European  deposits  of  each. 

46.  Give  an  outline  of  the  geological  history  of  the  SpongidcBi 
or  of  the  Ganoidei. 
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SUBJECT    Zm.     MINERALOGY. 

ExAMiNEB,  F.  BUTLEY,  Esq. 


General  Instructions. 
If  the  roles  are  not  attended  to,  the  papera  will  be  cancelled. 

Yon  may  take  the  Elementary,  or  the  Adyanced,  or  the 
Honours  paper,  in  accordance  with  the  application  which  has 
been  made,  bnt  jon  most  confine  yonrself  to  one  of  them. 

Put  the  number  of  the  question  before  your  answer. 

Yon  are  to  confine  your  answers  strtcilj^  to  the  questions 
proposed. 

Your  name  is  not  given  to  the  Examiner,  and  you  are  for- 
bidden to  write  to  him  about  your  answers. 

Ths  examination  in  this  subject  lasts  far  three  hours. 


Pint  Stage  or  Elementary  Examination. 

Instruotions. 

You  are  only  permitted  to  attempt  six  questions  in  all,  of 
which  the  last  question  (No.  10)  is  obligatory. 

The  value  attached  to  each  question  is  shown  in  brackets 
after  the  question. 

1.  Arrange  the  names  of  the  following  minerals  in  a  vertical 

column  and  in  the  order  of  their  respective  speci^c  gravities, 
placing  the  heaviest  at  the  bottom  of  the  list : — Silver, 
rlatinum,  Barytes,  Gold,  Calcite,  Copper.  (14.) 

2.  Name  three  minerals  which  commonly  crystallise  in  cubes 
and  three  which  often  occur  in  rhombohedra.  (14) 

3.  How  does  a  rhombohedron  differ  from  a  cube,  and  how  are 
the  crystallographic  axes  situated  in  each  P  (^^O 

4.  State  the  chemical  composition  of  the  following  minerals  : 
— Celestine,  Pyrites,  Magnetite,  Rock-salt,  Pyrolusite,  and 
Tinstone.  (14) 

5.  By  what  simple  tests  would  you  distinguish  Realgar  from 

Cinnabar,  and  Qraphite  from  Molybdenite  P  (l-^-) 

6.  What  minerals  represent  Nos.  2  and  7  of  Mohs'  Scale  of 

Hardness  f    In  what  systems  do  these  minerals  crystallise  P 

(14) 
(530)  o 
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7.  What  metals  are  respectiTely  derived  from  GaUunine,  from 
Blende,  from  (Galena,  and  from  Cryolite  P  (14.) 

8.  Name  four  minerals  from  which  iron  is  chiefly  procured, 
and  state  the  chemical  composition  of  each  of  these  ores. 

a^) 

9.  Describe  the  constraction  of  a  contact  goniometer.    What 
discovery  was  made  by  means  of  such  an  instmment  ? 

(14.) 

10.  Name  the  three  specimens  placed  before  yon,  stating  the 
chemical  composition  of  each  and  the  system  in  which  each 
crystallises.  Make  also  a  blow^pipe  analysis  of  the  three 
powdered  minerals  supplied  to  you.  State  yonr  reenlts 
and  how  each  resalt  has  been  obtained.  (30.) 


Seoond  Stage  or  Advanced  Ezaminatlon« 

iNSTHncnOKB. 

Bead  the  General  Instmotions  at  the  head  of  the  Elementary 
paper. 

You  are  only  permitted  to  attempt  six  questions  in  all,  of 
which  the  last  two  (Nos.  29  and  80)  are  obligatory. 

The  yalue  attached  to  each  question  is  shown  in  brackets 
after  the  question. 


21.  From  what  form  is  a  scalenohedron  derived,  and  how  f 

(14.) 

22.  Explain  the  phenomena  of  pleochroism.  (14) 

28.  What  is  Malachite  P    In  what  system  does  it  crystallise 
and  in  what  condition  does  it  usually  occur  P  (14.) 

24.  State  what  you  know  concerning  the  minerals  Asbestus, 
Brucite,  Tremolite,  and  Aquamarine.  0-^*) 

25.  Describe  the  minerals  Copper-Glance  and  Cuprite.  ^14.) 

26.  A  crystal  of  Olivine  shows  the  forms  (010),  (100),  (001), 

(101),  and   (111).      Give  the  corresponding  symbols  in 
Kaumann's  notation.  (14) 

27.  What  is  the  chemical  composition  of  the  following  minerals. 

— Wulfenite,  Goslarite,  and  Crocoisite  ?  (14.) 

28.  In  what  system  does  Apatite  ciystaUiseP    Mention  any 
varieties  of  this  mineral.  (14.) 

29.  Describe  the  six  models  placed  before  you,  and  name  a 

mineral  which  crystallises  in  each  of  these  forms.    (14.) 
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Name  the  three  speciinenB  placed  before  yon,  and  give  the 
chemical  composition  and  crjstallographic  system  of  each. 
Also  make  a  systematic  blow-pipe  analysis  of  the  three 
powdered  minerals  supplied  to  yon.  State  yonr  results,  and 
describe  clearly,  bat  briefly,  the  means  by  which  those 
resnlta  were  attained.  (SO.) 


HonoTirs  Examination. 

Instbuctions. 


Bead  the  General  Instmctions  at  the  head  of  the  Elementary 
paper. 

You  are  only  permitted  to  cUtemjpi  six  questions  in  all^of 
which  the  last  (No.  48)  is  obligatory. 

The  yalue  attached  to  each  question  is  shown  in  brackets 
after  the  question. 


41.  Give  a  short  account  of  the  Garnet  Group.  (14.) 

42.  What  is  Crocidolite?     State  what  is  known  concerning 

Grocidolite-Catseye.  (14.) 

43.  Describe  the  microscopic  characters  of  Nepheline,  Olivine, 
andHa^ne.  (14.) 

44.  How  does  Linarite  differ  from  Brochantite  P  (14.) 

45.  What  is  the  chemical  composition  of  Vanadinite  P  Describe 
any  mineral  isomorphous  with  it.  0-^-) 

46.  Give  a  brief  description  of  the  minerals  included  in  the 
Epidote  Groiip.  (14.) 

47.  Explain  the  optical  phenomena  shown  by  a  crystal  of  borax 
when  a  section  normal  to  the  acute  bisectrix  is  examined  in 
convergent  polarised  light.  (14.) 

48.  Name  the  six  specimens  placed  before  you,  stating  the 
chemical  composition  of  each  and  the  system  in  which  it 
crystallises.  Also  make  a  complete  qualitative  blow-pipe 
analysis  of  the  three  powdered  minerals  supplied  to  you. 
Describe  clearly  the  results  at  which  you  arrivo  and  the 
means  employed  in  each  case.  ^  (30 ) 


g2 
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SUBJECT  XIV.    ANIMAL  FHTSIOLOGT. 


ExAMiKRBB,  PROFESSOR  HTJXLET,  LL.D^  F.R.S.|  iro 
PROFESSOR  M.  FOSTER,  M.D.,  Sio.  R.S. 


OlKIBJLL  LfBTBUOnOHS. 

If  the  rales  are  not  attended  to,  the  paper  will  be  cancelled. 


Yon  may  take  the  Elementally  or  the  Adyanced,  or  the 
Hononrs  paper,  but  yon  mnst  confine  yonrself  to  one  of  them. 

Pat  the  number  of  the  question  before  your  answer. 

The  value  attached  to  each  question  in  the  Elementary  and 
Advanced  papers  is  shown  in  brackets  after  the  question,  but  a 
full  and  correct  answer  to  an  easy  question  will  in  all  cases 
secure  a  larger  number  of  marks  than  an  incomplete  or  inexact 
answer  to  a  more  difficult  one. 

Your  name  is  not  given  to  the  Examiners,  and  you  are  for- 
bidden to  write  to  them  about  your  answers. 

You  are  to  confine  your  answers  strictly  to  the  questions 
proposed. 

The  Examination  in  this  subject  lasts  far  three  hours. 


First  Stage  or  Elementary  Examination. 

Iksteuctions. 
You  are  permitted  to  attempt  only  eight  questions. 


Where  is  the  tricuspid  valve  placed  P  What  is  its  form  and 
structure  P  Describe  how  it  appears  when  seen  in  a  sheep's 
heart.  Explain  how  it  works  in  carrying  on  the  circulation 
of  the  blood.  (16.) 
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2.  Wliere  is  the  diapbragm  placed  P    What  important  ozvans 

tonch  it  on  the  one  side,  and  what  on  the  other  P  What 
stractares  pass  through  it,  and  through  what  part  of  it  do 
the^  pass  P  What  are  the  two  kinds  of  tissue  of  which  it  is 
mainlj  made  up,  and  how  does  each  of  these  act  in  canning 
on  the  work  of  breathing  P  (16.) 

3.  Where  does  the  small  intestine  lie  P     Where  and  how  does  it 

begin,  and  where  and  how  does  it  end  P  What  is  the 
general  structure  of  its  walls  P  What  changes  does  food 
undergo  in  the  small  intestine  P  (16.) 

4.  What  parts  go  to  form  the  elbow  joint,  and  how  are  thej 

arranged  to  form  the  elbow  joint  P  How  is  it  thai  we  are 
able  to  move  the  forearm  on  the  arm  in  one  way  only,  and 
that  to  a  certain  extent  only  P  (16.) 

5.  What  is  the  colour  of  venous  blood  when  it  flows  from  a  vein, 

as  for  instance  when  a  man  is  bled  in  the  arm  P    What  is 
the  colour  due  to  P     If  venous  blood  were  spread  out  in  a 
thin  sheet  over  a  large  surface,  would  it  change  colour  P    If 
.     so,  why  P  (9.) 

6.  What  is  the  nature  of  the  several  foodstuffs  present  in  milk  ? 

Why  is  milk  so  largely  used,  and  so  desirable  an  article  of 
foodP  (9.) 

7.  Describe  what  may  be  seen  by  the  naked  eye  or  with  the 

help  of  a  simple  lens  when  a  long  bone  in  a  dried  skeleton, 
the  femur  or  humerus  for  instance,  is  sawn  through  length- 
wise P  How  would  a  bone,  taken  from  a  recently  dead 
body,  and  similarly  sawn  through,  differ  in  appearance  from 
the  above  P  (9.) 

8.  How  do  the  '*  red ''  and  ''white  corpuscles  "  of  the  blood  differ 

from  each  other  P  About  how  bie  is  a  rod  corpuscle  and 
a  white  corpuscle  in  human  blood  r  What  is  the  name  and 
naturo  of  the  fluid  in  which  the  blood  corpuscles  swim  in 
a  living  blood  vessel  P  (9.) 

9.  What  is  the  medulla  oMongata,  and  where  is  it  placed  P  What 

is  its  form  and  general  appearance  P  YThat  aro  its  moro 
important  functions  P  (9.) 

10.  When  is  the  pupil  of  the  eye  large,  and  when  is  it  small  P 
How  does  it  become  large,  and  how  does  it  become  small  ? 
What  purposes  are  served  by  these  changes  in  its  size  P 

.        (9.) 
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11.  Wliat  is  tliLe  general  composition  of  nrineP  What  sab- 
stancee  which  are  present  in  nrine  and  so  leave  the  body  bj 
the  kidney,  also  leave  the  body  by  the  skin  or  by  the  lungs  ? 
What  substances  present  in  urine  do  not  leave  the  body  in 
appreciable  quantity  by  the  skin  or  lungs  P  (9.) 

12.  When  a  man  tsivis  h^  generally  .&lls  down.  Why  does 
he  fall  down?  (9.) 


Saoond  Stage  or  Advanced  BzandnatioiL 

Ihstbuctions.    . 
Bead  the  General  InBtruotions  at  the  head  of  the  Elementary 

Ton  are  permitted  to  attempt  oidjjive  questions. 


21.  Describe  the  structure  of  a  capillary  blood- vesseli  of  a  very 
small  artery,  and  of  a  very  small  vein,  and  give  an  account 
of  the  flow  of  blood  through  these  three  Unde  of  minute 
vessels,  such  as  may  be  seen  in  a  transparent  tissue  like  the 
web  of  a  frog's  foot.  Explain  why  the  flow  though  jerked 
and  pulsatile  in  the  arteries  is  steady  and  even  in  the 
capillimes,  and  why  the  rate  of  flow  is  so  much  slower  in 
the  capillaries  than  in  the  arteries  or  in  the  veins.    (26.) 

22.  Give  an  account  of  the  general  structure  of  the  liver,  dwell- 
ing especially  on  the  microscopio  structure  of  a  lobule. 
What  difEerences  would  you  expect  to  find  as  the  resnlt  of 
chemical  examination,  or  by  otber  methods,  between  the 
liver  of  an  animal  which  had  been  fasting  for  some  days, 
and  of  one  which  had  been  well  fed  for  some  time  P  State 
tiie  evidence  that  the  Uver  carries  on  other  work  than  that 
of  secreting  bile.  (26.) 

28.  What  are  the  essential  difEerences  between  arterial  and 
venous  blood  P  What  are  the  exact  changes  which  take 
place  in  blood  as  it  becomes  venous  in  passing  through  the 
tissues  and  becomes  arterial  in  passing  through  the  luxigs  P 
To  vHbat  extent  may  these  changes  be  artificially  faronght 
about  in  blood  outside  the  body  P  (16.) 
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24.  Desoribe  the  straoture  of  the  pancreas.  What  changes 
occur  in  the  pancreas  some  time  after  food  has  been  taken  ? 
State  the  natnre  and  composition  of  pancreatic  juice,  and 
explain  briefly  the  changes  which  it  effects  on  food.  (16.) 

25.  Describe  the  arrangements  and  structure  of  the  chain  of 
syinpatbetio  gaiiglia'inthe  thorax  and  abdomen,  explaining 
how.it  ia  eonnectod  with  the  q>inal  cord.  To  what  struc* 
tores  do  nerves  pass  from  these  ganglia^  and  what  is  known 
oonoerxdng  the  lunctions  of  these  nerves  P  (16.) 

26.  In  what  parti^  of , the  PlduJt  boc^j  is  cartilage  present  P    Des* 
/* '    .  cribe  the  jg;ener9>l  bbai«.Gter£|,  and  the.  nucroscopio  structure 

of  cartilage,  mentpuing  the  chief  varieties  of  cartilage.  To 
what  extent'  is  cartHage  supplied  with  Uood-vesseky^  and 
how  is  it  nourished  P  (16.) 

Sy.  Wiiat  agre  the  plby^ipa)  conditions,  which  determine  that  the 
visual  ima^  of  an 'external  object  shall  be  sharp  and  dis- 
tfa^efeP  .  What  changes  in  these  conditions  lead  to  the  visual 
inu^ife  becoming*  blurred  and  indistinct  though  the  retina 
remains  unchanged  P  By  what  changes  in  the  eye  are  we 
enabled  to  see  distixvctlj,  at.  one  .time  things  far  off.  and  at 
sdotter  iime  things  quite  near,  and  what  ia  the  proof,  that 
thesd  changes  do  ^Uceplace,  and  do  give  us  the  power  in 
•    question.  '"-  '•  .    '  -  (16.) 

28.  Describe -the  structure  of  an  ordinanr  muscle,  such  as  a 
muscle  in  a  limb,  as  far  as  can~l)e  niaae  out  with  the  naked 
eye,  and  then  state  what  further  features  may  be  made  out 
by  the  use  of  t}ie  microscopet  •  What  is  rigor  mortis,  and 
by  what  chemical  changes  is  it  accompanied  P  (16.) 


Hononm  'SzamlxuitioiL 

Ikstbuotions. 


Bead  the  Geaieral  Instmetions  at  the  head  of  the  Blementaxy 
paper. 

You  are  permitted  to  attempt  only  four  questions; 

The  vidxte  attached  to  eaeh  question  is  the  same. 


41.  Gfive  an  account  of  ** motor  areas"  or  "centres,"  and 
"  sensory  areas "  or  "  centres,"  in  the  cerebral  cortex, 
dwelling  especially  on  the  evidence  as  to  the  part  played  by 
these  "areas"  or  "centres"  in  the  development  of  normal 
voluntary  movements  and  normal  sensations. 
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42.  Describe  the  clian£pe8  whieli  take  place  in  various  secreting 
cells  daring  and  fSter  secreiiou,  and  discnss  the  nature  of 
these  changes  with  reference  to  general  questions  concern- 
ing the  constitution  of  "  protoplasm  "  and  the  changes  in 
protoplasm  accompanying  its  activity. 

43.  Trace  out  as  &r  as  yon  are  able  the  changes  undergone  in 
the  body  by  carbohydrate  material  taken  as  food,  and  the 
effects  which  the  material  thus  taken  as  food  produces  on 
the  body. 

44.  GKve  an  account  of  the  mutual  relations  of  the  respiratory 
apparatus  and  the  vascular  mechanism,  showing  how  they 
influence  each  other  in  ordinary  and  in  extraordinary 
circumstances. 

45.  State  and  criticise  the  evidence  as  to  the  specific  distinction 
of  the  several  sensations  caused  by  changes  in  the  skin 
induced  by  contact,  heat,  cold,  &o,^  and  show  to  what  extent 
the  conclusions  which  you  adopt  are  supported  by  histolo- 
gical investigation. 

46.  It  is  popularly  stated  that  the  body  of  man  is  wholly 

"  renewed "  once  in  seven  years.    Cnticise  this  statement 
from  the  point  of  view  of  exact  physiological  knowledge. 


Fraotioal  Bzamination. 


1.  State  the  nature,  and  point  ont  the  characteristio  histological 
features,  of  two  of  the  three  mounted  specimens  A,  B,  C. 

2.  Make  a  preparation  to  show  the  nature  and  structure  of  on$ 

of  the  two  tissues  marked  (a)  and  (b).      Describe  and  di-aw 
your  preparation. 

8.  Examine  the  fluid  x  with  a  view  to  finding  out  what 
substance  or  substances  of  physiological  importance  it 
contains. 

Write  short  notes  of  the  experiments  you  make,  the  results 
you  obtain,  and  the  conclusions  you  draw  from  them. 

4.  Demonstrate  experimentally  the  inhibitory  action  of  the 
vagus  nerve  on  the  heart  of  a  frog. 
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SUBJECT  XV.    BOTANT. 

ExAMiKiBs.— S.  H.  VINES,  Esq.,  M.A.,  D.Sc,  F.B.8.»  and 
D.  H.  SCOTT,  Esq.,  M.A.,  PI1.D. 


Gekbbal  Instbuctioks. 
If  the  roles  are  not  attended  to,  the  pap^r  will  be  canoelled. 

You  may  take  the  Elementary,  or  the  Advanced,  or  the 
Hononrs  paper,  in  acoordance  with  the  application  which  has 
been  made,  but  you  must  confine  yourself  to  one  of  them. 

Put  the  number  of  the  question  before  your  answer. 

Yon  are  to  confine  your  answers  strictly  to  the  questions 
proposed. 

The  value  attached  to  each  question  in  the  Elementary  and 
Advanced  stages  is  shown  in  brackets  after  the  question.  But 
a  full  and  correct  answer  to  an  easy  question  will  in  aU  cases 
secure  a  larger  number  of  marks  than  an  incomplete  or  inexact 
answer  to  a  more  difficult  one. 

Your  name  is  not  given  to  the  Examiners,  and  you  are  for- 
bidden to  write  to  them  about  your  answers. 

The  Examination  in  this  subject  lasts  for  three  hours. 


First  Stage  or  Elementary  Ezaxxdnatlon. 

Insteuctions. 

You  are  permitted  to  attempt  only  six  questions. 

You  must  attempt  the  first  question  on   the    paper.    The 
remaining  five  you  may  select  from  any  part  of  the  paper. 

I.  Befer  the  plant  placed  before  you  to  its  natural  order, 
giving  your  reasons  for  doing  so,  and  describe  it  fully, 
taking  its  organs  (when  present)  in  the  following  order : — 

Stem,  Flower,  Pistil, 

Leaves  Calyx,  Fruity 

Inflorescence,  Corolla,  Seed. 

Bracts,  Stamens,  (25.) 
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2.  Describe  the  stmctnre  of  a  liying  parenchjmatoTifi  plant- 
cell.  What  chemical  elements  enter  into  the  composition 
(a)  of  the  cell- wall,  (&)  of  the  protoplasm  P  (15.) 

3«  From  what  source  and  in  what  forms  do  plants  luiiallT 
absorb  their  ^trogenons  foodP  Mention  caees  in  which 
the  nitrogenous  food  is  absorbed  from  other  sources  and 
in  other  forms.  (15.) 

4.  Give  a  botanical  description  of  the  part,  in  each  of  the 
following  plants,  which  is  commonly  used  as  food:  the 
potato,  the  onion,  the  turnip,  and  the  carrot.  (15.) 

5.  State  generally  what  is  the  composition  of  a  yascular  bundle. 
Describe  the  lonntudinal  course  of  the  yascular  bundles  in 
the  stem  of  any  Dicotyledon.  (15.) 

6.  What  is  a  placenta?    Describe  the   placentation  in  thei 

CruoiferiB,  the  Leguminosss,  and  the  Liliaoe».  (15.) 

7.  Qire  examples  of  plants  which  dimb  by  means  of  tendrils, 
and  explain  how  a  tendril  acts.  (15.) 

8.  Bxplain,  and  illustrate  by  means  of  examples,  the  following 
terms  relating  to  the  stamens  of  flowers : — teti^adynamouB^ 
didynamousy  dtadelphousy  syngenesums.  What  is  the  mean- 
ing of  the  statement  that  the  flower  of  the  OrchidaceaB  is 
gynandrous  f  (1^-)    ' 

'  9.  What  IB  the  botanical  meaning  of  the  term  '^  Fruit "  ^ 
Describe  the  structure  of  a  plum,  a  strawbeny,  a  black* 
berry,  apd  an  i^ppla  *      (15.) 

10.  Describe  the  prooesses  which  lead  to  the  conversion  of  an 
oYule  into  a  seed,  and  state  which  is  the  difEerence  between 
albuminous  and  exalbuminons  seeds,  giving  examples. 

(16.) 

11.  Explain  what  is  meant  by  Transpiration,  and  state  how  this 
process  may  be  experimentally  oemonshrated.  (15.) 


Beoond  Stage  or  Adyanoed  Xzamiiialion. 

Instbuctions. 

Bead  the  (General  Instructions  at  the  head  of  the  Mementary 
paper. 

You  are  permitted  to  aUempt  only  six  questions. 

You  must  ckttwipt  the  first  question  on  the  paper,  the  remain- 
ing five  you  may  select  from  any  part  of  the  paper. 
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21.  Beforthe  plant  placed  before  yon  to  its  natural  order,  giving 
yonr  xoasons  for  doing  so,  and  desoribe  it  fnllj,  taking  its 
organs  (when  present)  in  the  following  order : — 

Stem,  Flower,  Pistil, 

Leaves,  Calyx,  Fruit, 

Inflorescence,  Corolla,  Seed. 

Bracts,  Stamens,  (25.) 

22.  GKve  a  general  acconnt  of  the  principal  modes  of  farancfaiag 
of  stems.  What  yarieties  of  branching  are  Ulnstrated  by 
the  following  inflorescences ;  the  raceme,  the  nmbel,  the 
corymb,  the  dichasial  cyme  P  (15.) 

23.  A  withered  branch  on  a  tree  with  decidnons  leaves,  retains 
its  leaves  in  winter  when  the  living  branches  have  lost 
theirs.    Explain  the  reason  of  this.  0-^-) 

24.  What  is  meant  by  "  free-central  placentation  "  P  Describe 
the  forms  of  free-central  placentation  occurring  in  the 
PrimnlaoesD,  the  Polygonace»,  and  the  Composites  respec- 
tively. (15.) 

25.  Describe  and  compare  the  stmctore  of  the  stamina]  and 
carpellaiy  flowers  of  Finns.  (15.) 

26.  Describe  the  structure,  development^  and  mechanism,  of  the 
stomata.  What  is  the  effect  of  exposure  to  light  upon  the 
fitomata?  (1,5) 

27.  Describe  the  structural  peculiarities  of  submerged  water- 
plants  as  compared  with  allied  land-plants.  Give  an 
explanation  of  l^ese  peculiarities.  (15.) 

28.  Describe  the  process  of  fertilisation  in  any  Angiospermons 
Phanerogam,  giving  a  full  account  of  the  structure  of  the 
ovule  at  the  time  of  fertilisation.  (15.) 

29.  What  is  the  stracture  of  the  cambium ;  how  does  it  originate 
in  the  stem,  and  to  what  tissues  does  it  give  rise  P     (15.) 

30.  Describe,  with  diagrams,  the  structure  of  the  flower  in  the 
chief  British  genei*a  of  Sorophulariace».  (15.) 


Hononrs  Examination. 

Xhstructions. 


Bead  the  Gtoneral  Instructions  at  the  head  of  the  BlemeDilaxy 
paper. 

Tou  are  permitted  to  attempt  taljfive  questions. 

You  must  (Utemft  the  first  question  on  the  paper,  the  remain- 
rngfowr  you  mJay  select  from  any  part  of  the  paper. 

The  value  attached  to  each  question  is  the  same. 
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41.  Refer  ihe  plant  placed  before  jou  to  its  natiiral  order,  ^Ying 
your  reasons  for  doing  so,  and  describe  it  folly,  taking  its 
organs  (when  present)  in  the  following  order : — 

Stem,  Flower,  Pistil, 

Leaves,  Calyx,  Fruit, 

Inflorescence,  Corolla,  Seed. 

Bracts,  Stamens, 


42.  Describe  the  iypical  course  of  the  development  of  the 
embryo  within  the  seed  of  a  Dicotyledon,  and  mention  the 
most  important  variations  from  this  type. 

48.  What  is  the  '*  pericambinm  "  of  a  root  P  State  what  is  the 
function  of  the  pericambinm  in  relation  (a)  to  the  develop- 
ment of  the  lateral  roots  in  Phanerogams,  (6)  to  the  growth 
in  thickness  of  the  root. 

44.  Describe  the  structure  of  the  growing-point  of  the  stem  of 
an  Angiosperm,  and  state  in  what  respects  it  differs  from 
that  of  a  typical  Fern,  mentioning  transitional  forms  con- 
necting these  two  types. 

45.  What  is  meant  by  "  root-pressure  "  P  Explain  fully  how 
this  pressure  is  set  up,  and  mention  cases  in  which  the  effect 
of  the  root-pressure  is  manifested  in  nature. 

46.  Give  a  comparative  account  of  the  earW  stages  in  the 
embryology  of  the  Sporogonium  in  the  Hepaticaa  (liver- 
worts). 

47.  Give  an  account  of  the  influence  of  light  in  inducing 
dorsi-ventrality  in  plant-members. 

48.  Give  an  account  of  the  origin  and  distribution  of  the 
British  Flora. 


Practical  Examination. 


1.  Make  a  longitudinal  section  of  the  stem  of  the  Lime  to  shew 
the  sieve-tubes. 

2.  Make  a  vertical  section  of  the  leaf  of  Asplenium,  so  as  to 
pass  through  a  sorus  to  show  structure  of  leaf  and  sporangia. 

8.  Make  a  tiansverse  section  of  the  root  of  the  Maize. 

Each  section  is  to  be  drawn  and  described.  One  section  only 
is  to  be  shewn  in  each  case,  and  this  is  to  be  left  in  the  field  of 
the  microscope. 

4.  Identify  and  briefly  describe  the  macroscopic  preparations 
I  and  II,  and  the  microscopic  ones  A,  B,  C,  D,  and  E. 
15  minutes  allowed  for  each  preparation. 
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SUBJECTS  ZVL  AND  XVn.  GENERAL  BIOLOGT. 

ExAMnrBBS,  PROFESSOR  HUXLEY,  LL.D.,  F.R.S.,  akd 
PROFESSOR  MICHAEL  FOSTER,  M.D.,  Seo.  R.S. 


OxNffi^L  Ikstbuotioks. 
If  the  rules  are  not  attended  to,  the  paper  will  be  oancelled. 

Yoa  are  permitted  to  answer  qaestions  from  the  Elementary 
paper; 

Or  from  the  Advanced  paper  in  Animal  Morphology  and 
Physiology; 

Or  from  the  Advanced  paper  in  Vegetable  Morphology  and 
Physiology ; 

Or  from  the  Honours  paper  in  Animal  Morphology  and 
Physiology; 

Or  from  the  Honours  paper  in  Vegetable  Morjdhiology  and 
Physiology; 

Bnt  yon  must  confine  yonrself  to  one  of  them. 

Where  the  valueis  differ,  that  attached  to  each  question  is 
shown  in  brackets  after  the  qnestion.  Bat  a  fall  and  correct 
answer  to  an  easy  qnestion  will,  in  all  cases,  secure  a  larger 
number  of  marks  than  an  incomplete  or  inexact  answer  to  a 
more  difEumlt  one. 

Put  the  number  of  the  question  before  your  answer. 

You  are  to  oonfine  your  answers  siriothf  to  the  questions 
proposed. 

Your  name  is  not  given  to  the  Examinersi  and  you  are  for- 
bidden to  write  to  them  about  your  answers. 

The  examination  in  these  subjecte  lasts  for  three  hows. 
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First  Stage  or  Blementary  BzamixiaUoiL 

Ikstbuctiohs. 
Ton  are  permitted  to  attempt  only  eight  qnestionfl. 


1.  State  what  takes  place  when  yon  try  (1)  to  grow  "mnstatd 

and  creas "  in  the  dark,  and  (2)  mnBhrooms  in  the  dark, 
and  explain  as  fnlly  as  yon  can  the  reasons  of  the  resnlts. 

(16.) 

2.  Describe  the  leaf  of  a  chara,  and  explain  how  &r  it  is  like 

to  and  how  it  differs  from  a  leaf  of  an  ordinary  plant,  a 
'  rose  leaf,  for  example.  (1&-) 

3.  State  as  exactly  as  yon  can  how  a  hydra  or  fresh-water  polype 

looks,  and  what  yon  can  make  ont  abont  its  moyemexU« 
and  actions  when  yon  examine  it  with  tiie  naked  eye,  or 
with  a  simple  lens.     What  farther  particnlars  concerning- 
its  stractnre  and  actions  can  yon  learn  by  the  help  of  the 
microscope?  (16-) 

4s,  Describe  the  position  and  general  stmctnre  of  the  organs  by 
'    '  which  the  crayfish  breathes,  and    explain  how  they  act. 
Why  can  the  crayfish  live  a  long  time  ont  of  water,  and 
why  wonld  it  soon  die  when  placed  in  fi  closed;  jar  filled 
witn  water  which  had  been  boiled  P  '    '  .      (16.) 

S^  What  is  the  stmctnre  of  the  gnreen  stuff  which  is  often  s^en 
on  walls,  trunks  of  tfees,  Ibc.  How  does  it  get  there  ? 
How  does  it  liye  P    How  does  it  spread  P  '        (9.) 

6.  On  what  things  does  »  fresh-water  mussel  liye  P     Explain 

how  its  food  gets  to  its  mouth.  (9.) 

7.  ^hat  is'  the  stamen  of  a  flower,  and  of  what  parts  is  it 

composed  P    What  is  the  use  of  stamens,  and  how  can  this 
use  be  proved  P  (9.) 

8.  Describe  briefly  the  heart  of  a  frog,  and  explain  how  it  acts. 

How  does  it  differ  from  the  heart  of  a  crayfish  P         (9.) 

9.  What  is  the  structure  of  a  prothallium  of  a  fern  ?    How 
•    does  a  feni(  give  rise  to  prothalUa^  and  .how  do  prothallia 

give  rise  to  ferns  P  .    (9.) 

10.  What  is  the  nature  of  the  nerve- ganglia  of  the  mussel  P 
Where  are  they  placed,  and  how  are  they  connected,  with 
each  other  and  With  the  several  parts  of  the  body  P  '  (9.) 

11.  Explain  the  way  in  which  the  thin  stem  of  a  young  sapling 

grows  into  the  thick  trunk  of  "an  old  tree.  (9.) 

12.  What  is  the  nature  and  structure  of  the  shell  of  a  cray- 
fish P  What  part  of  the  skin  of  a  frog  corresponds  to  it  ? 
How  is  the  crayfish  able  to  feel  through  its  shell  P      (9.) 
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SUBJECT   ZVI.     ANIMAL  MOBFHOLOaT  AND 
FHYSIOLOGT. 


Seoond  Stage  or  Advaaoed  TBiraTninatlaiL 

Iksthugtiohb. 

Bead  tlie  General  InBtrnctions  at  the  head  of  the  Elementaiy 
paper. 

Yon  are  permitted  to  aMempt  qnljfive  questions. 


21.  What  are  the  chief  points  in  which  the  organisation  of  a 
lamprey  differs  from  that  of  a  pike  or  a  codfish  ?      (26.) 

22.  GKyo  a^  acoonnt  of  the  general  characters,  stractore  of  the 
month-partSy  and  modes  of  reprodootion  in  the  Aphides  or 
phintHoeP  (26.) 

23.  What  is  the  placenta  P    What  fanetioBS  does  it  perform.? 
"  What  are  its  chief  forms,  and  in  what  gronps  of  mammals 

are  they  fonndP  (16.) 

24.  What  are  monads  P  What  is  known  abont  their  stmctnre 
and  modes  of  nmltiplieationP  :  (16.): 

25.  What  are  the  essential  characters  of  the  Polyzoa  T    Giye 

the  names  of  any  common  kinds  that  you  may  hare  seen. 

(16.) 

26.  Describe  the  stmctnre  of  a  sea-nrchin.  (16.) 

27.  Give  the  essential  characters  of  the  difibrent  stages  of 
metamorphosis  of  a  butterfly.  (16.) 

28.  Giye  an  account  of  the  process  of  yolk  division.  What  is 
the  structure  of  the  cicatricula  of  a  fresh-laid  hen's  egg, 
and  how  has  it  arisen  P  ( L6.) 


HonourB  EzaxninatioxL 

Instbtjctions. 

Read  the  General  Instructions  at  the  head  of  the  Elementaiy 
paper. 

You  are  permitted  to  attempt  only /otir  questions. 

The  value  attached  to  each  question  is  the  same. 


Digitized  by  VjOOQIC 


112  XYI.— ANIMAL  MORPHOLOGY  AND  FHYSIOLOQY. 

41 .  Wliat  IB  now  known  respeofcing  the  intimate  natnie  of  the 
process  of  fecundation  in  animals,  and  more  especially  of 
the  events  which  follow  npon  the  o<mtact  of  the  spermatic 
substance  with  the  exterior  of  the  ovum  ? 

42.  Describe  the  chief  modifications  of  the  oral  appendages  ob- 
servable in  the  Crustacea^  recent  and  extinct. 

43.  Describe  the  development  of  the  vertebrate  skull  np  to  the 
time  that  the  chondrocranium  is  complete. 

41.  What  are  the  leading  structural  characters  of  the  Oetaeea  f 
In  what  respects  do  the  seals  approach  and  differ  from  them  P 
What  is  their  range  in  time  P 

45.  How  are  the  different  orders  of  insects  related  to  one  another 
morphologicallj,  and  what  is  known  as  to  the  order  of  their 
appearance  in  time  P 

46.  What  are  the  arguments  in  favour  of  and  against  the  indu* 

sion  of  the  Tunicata  among  the  Yertebrata  P 


SUBJECT  XVIL    VfiaETABLE  HOBFHOLOGY 
AND  PHYSIOLOGY. 

ExAMiNXBS,  S.  H.  VINES,  Esq.,  M.A.,  D.Sc,  FJI.S.,  ahp 
D.  H.  SCOTT,  Esq.,  M.A.,  Ph.D. 


Second  Btatf e  or  Advanced  Examination. 

Instructions. 

Bead  the  Qeneral  Instrnctions  at  the  head  of  the  Elementary 
paper. 

Yon  are  permitted  to  attempt  ou\jfive  questions. 
The  value  attached  to  each  question  is  the  same. 

51.  Describe  the  primitive  structure  (as  seen  in  transverse 
section)  and  the  subsequent  growth  in  thickness  of  the  root 
of  anj  dicotyledon. 

52.  State  the  evidence  upon  which  the  symbiotic  nature  of 

lichens  has  been  established. 

53.  Describe  the  structure  of  a  mature  anther,  and  give  an 
account  of  the  development  of  a  pollen-sac  and  of  the 
contained  pollen. 
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54.  CKve  an  account  of  the  life-history  of  any  jEcidiomycetons 
Fnngos,  and  discnss  the  relation  of  these  Fangi  to  the 
Ascomycetes. 

65.  Give  an  account  of  the  optical  properties  of  chlorophyll,  and 
of  its  use  in  plants.  What  are  the  conditions  npon  which 
the  formation  of  chlorophyll  in  the  plant  depends  ? 

56.  Enumerate  and  briefly  describe  the  varions  parts  of  plants 
which  are  modified  so  as  to  serre  as  climbing  organs.  What 
advantages  does  a  plant  gain  by  climbing  P 

57.  Describe  the  structure  of  the  fertile  cone  of  Eqaisetum,  as 
well  as  that  of  one  of  the  sporangiferons  leaves,  and  of  a 
spore.  On  what  grounds  may  the  cone  be  considered  to  be 
a  flower  ? 

58.  Describe  fully  the  process  of  indirect  nuclear  division. 


Bonouni  Ezamination. 

Instructions. 


Bead  the  General  Instructions  at  the  head  of  the  Elementary 
paper. 

You  are  permitted  to  attempt  only /our  qnestiops. 

The  value  attached  to  each  question  is  the  same. 

61.  The  characteristic  difference  between    Phanerogams  and 

Cryptogams  is  that  the  former  produce  seeds,  whereas  the 
latter  do  not.  Fully  explain  the  nature  of  the  structural 
peculiarities  upon  which  this  difference  depends. 

62.  Give  a  general  account  of  the  structure  of  the  Siphonaceous 
Alg89  (Siphonefo),  and  describe  fully  the  various  forms  of 
sexual  reproduction  observed  among  them. 

63.  Describe  in  detail  the  development  of  an  antherozoid  and  of 

an  oosphere  in  any  plant  you  may  select,  and  fully  discuss 
the  physiological  significance  of  the  various  phenomena. 

64.  Discuss  the  compaitttive  morphology  of  the  sporocarps  of 
the  BhizocarpeB  (Hydropterideee). 

65.  Explain  what  is  meant  by  "  Tnrgidity,"  and  mention  the 
conditions  upon  which  this  state  depends.  Discuss  the 
mode  in  which  turgidity  is  affected  by  external  ctimuli. 

66.  Give  an  account  of  the  formation  of  starch  grains  (a)  in 
parts  of  plants  which  are,  (6)  in  parts  of  plants  which  are 
not,  exposed  to  light,  and  point  out  what  is  tho  cs:icntial 
physiological  difference  between  the  two  cases. 

(680)  H 
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SUBJECT  XVHL    PBINCIPLES  OF  MINING. 

ExAMiKBR,  H.  BAUBRMAK,  Esq.,  F.G.S. 


General  Instructioks. 
If  the  roles  are  not  attended  to,  the  paper  will  be  cancelled. 

You  may  take  the  Elementary,  or  the  Advanced,   or  the 
Honours  paper,  but  you  must  confine  yourself  to  one  of  them. 

Put  the  number  of  the  question  before  your  answer. 

You  are  to  confine  your  answers  strictly  to  the  questions 
proposed. 

Your  name  is  not  given  to  the  Examiner,  and  you  are  forbidden 
to  write  to  him  about  your  answei-s. 

The  Examination  in  this  subject  lasts  for  three  hours. 


First  Stage  or  Elementary  Examination. 

Instructions. 

You  are  only  permitted  to  attempt  seven  questions. 
You  may  select  these  from  any  part  of  the  paper. 
The  valne  attached  to  each  question  is  the  same. 


li  What  are  mineral  veins  and  beds,  and  what  other  terms  are 
used  for  their  description  ? 

2.  What  IS  coal,  and  how  is  it  found  ? 

3.  Describe  with  sketches  the  tools  required  for — 

(a)  Hewing  coal  on  a  long- wall  face ;  or, 
(6)  Driving  a  level  in  a  mineral  vein. 

4. "How  would  you  sink  a  small  shaft,  of  either  circular  or 
rectangular  section,  using  timber  to  secure  it  P 

5.  How  is  coal  brought  from  the  working  face  to  the   pit- 
bottom  in  flat  and  inclined  scams  respectively  ? 
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6.  Describe  the  working  of  a  lode  bj  overhand  stoping. 

7.  How  are  mines  kept  free  from  water  ? 

8.  What  different  kinds  of  drawing  ropes  are  nsed  in  mines  ? 

9.  What  are  safety  lamps,  and  under  what  conditions  are  they 

safe  ? 

10.  How  can  a  le^el  be  ventilated  when  it  is  beyond  a  main 

air- way  ? 

11.  Describe  with  sketches  the  construction  of  the  horse- whim 

or  gin.  ^ 

12.  How  are  metallic  ores  freed  from  waste  minerals  P 


Second  Stage  or  Advaaced  Ezaxninatlon. 

Insteuctions. 

Read  the  General  Instructions  at  the  head  of  the  Elementary 
paper. 

Tou  are  only  permitted  to  aMenvpt  seven  questions. 

You  may  select  these  from  any  part  of  the  paper. 

The  value  attached  to  each  question  is  the  same. 


21.  What  are  the  principal  kinds  of  mineral  deposits  ?     Give 

an  example  of  each. 

22.  In   what  formations   ai^    coals    found    besides   the    Coal 

Measures  ?     Do  such  coals  differ  from  those  of  the  Gar- 
boniferons  period  ? 

2.3.  Give  an  account  of  the  method  of  putting  down  a  bore 
hole,  say  1,000  feet  deep,  and  of  the  plant  required. 

24.  Describe  the  method  of  working  the  thick  coal  or  South 

Staffordshire. 

25.  Describe  with  detail  sketches  the  construction  of  a  skip- 

road  in  an  inclined  shaft;. 

26.  Describe  the  endless  chain  system  of  haulage  in  levels. 

27.  What  is  the  cause  of  acid  water  in  mines,  and  what  ^e* 

cautions  are  necessary  f <»>  raising  it  ?  < 

h2 
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28.  How  can  compressed  air  be  most  economioallj  applied  to 

Teniilation  ? 

29.  What  arrangements  liave  been  adopted  toprercDt  accidents 

from  over-winding  ? 

30.  Describe  the  arrangement  of  the  pnmping  engine  and  pit- 
work  in  a  deep  mine. 

31.  Describe  the  oonstmction  of  an  nndergronnd  Tentilating 

fnmace. 

32.  How  are  rolls  and  stamps  nsed  for  cmshing  minerals  P 


fiononn  KzamlnatioxL 

Ikstructioks. 

Read  the  General  Instmctions  at  the  head  of  the  Elemenbuy 
paper. 

Yon  are  only  permitted  to  aitempi  $w  questions. 
Yon  may  select  these  from  any  part  of  the  paper. 
The  valne  attached  to  each  question  is  the  same. 


41.  Give  an  account  of  the  South  Wales  coal  basin,  with  details 
as  to  the  nature,  distribution,  and  method  of  working  tho 
principal  seams. 

42.  Give  an  account  of  the  distribution  and  association  of  tin 
ore  in  the  more  important  tin-producing  countries. 

43.  What  methods  have  been  used  to  determine  the  deriation 

of  bore-holes  from  the  vertical? 

44.  What  power  and  appliances  would  you  consider  necessary 
for  drawing  600  tons  of  coal  in  10  hours  from  a  pit  400 
yards  deep  r  Give  some  of  the  leading  dimensions  of  plant 
(engines,  boilers,  &c.)  that  you  would  prefer. 

45.  What  arrangements  are  necessary  for  renewing  the  wearing 
parts  of  mine  pumps,  and  generally  for  keeping  the  pit- 
work  in  order  P 

46.  What  methods  have  been  proposed  for  penetrating  into 

mine  workings  when  the  ventilation  is  stopped  P 

47.  Describe  the  construction  of  Darlington's  or  some  similar 
boring  machine. 

48.  What  methods  are  adopted  in  the  treatment  of  auriferous 
vein-qnartz  containing  a  small  quantity  of  sulphides,  when 
the  latter  is  saved  P 
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SUBJECT  XIX.     METALLXTBGY. 

ExAMiNEB,  PBOFESSOB  W.  CHANDLEB  BOBBBTS- 
AUSTEN,  F.B.S. 


OSNSftAL  InSTBUCTIONS. 

If  the  roles  are  not  attended  to,  the  paper  will  be  cancelled. 

Ton  may  take  the  Elementary,  or  the  Advanced,  or  the 
Honours  paper,  but  you  must  confine  yourself  to  one  of  them. 

Pat  the  number  of  the  question  and  of  the  section  before  your 
answer. 

You  are  to  confine  your  answers  strictly  to  the  questions 
proposed  ;  answers  extending  beyond  the  scope  of  the  questions 
are  disregarded  by  the  Examiner. 

Your  name  is  not  given  to  the  Examiner,  and  you  are 
forbidden  to  write  to  him  about  your  answers. 

The  examination  in  this  subject  lasts  for  three  hours. 


First  Stage  or  Elementary  Examinatioxu 

Ikstbugtions. 

You  are  not  to  attempt  more  than  six  questions  in  this  paper. 

The  value  attached  to  each  question  is  the  same. 

For  a  pass  in  the  Elementary  stage  the  student  will  only  be 
expected  to  answer  qaestions  in  two  of  the  following  four 
sections.  At  least  two  questions  must,  however,  be  taken  irom 
Section  I. 

For  a  First  Cla.ss  in  the  Elementary  stage  the  candidate  must 
answer  questions  in  at  least  three  sections.  At  least  two 
questions  must  be  taken  from  Section  I. 


Section  I. 

1.  What  is  the  elasticity  of  a  metal?     State  how  you  would 
determine  the  degree  of  elasticity  of  a  sample  of  steel. 
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2.  If  yoa  wished  to  render  (1 )  copper  and  (2)  lead  hard,  how 
would  you  proceed  ? 

3.  For  wjiat  purposed  would  you  use  a  material  which  has  the 

following  composition : — 

fiilica  97,  Alumina  1*5,  Lime  1'5. 

4.  What  is  meant  by  the  statement  that  the  calorific  power  of 

charcoal  is  8,000  ? 

Skction  IL 

6.  State  what  takes  place  when  bright  iron  is  exposed  to 
moist  air,  and  how  may  iron  be  protected  from  the  action 
of  the  atmosphere  ? 

'   6.  Under  what  conditions  will  pure  iron  take  up  carbon,  and 
what  is  the  maximum  amount  it  will  retain  P,* 

7.  Show  by  means  of  a  sketch  the  method  of  "  taking-off " 
the  gases  from  a  closed-mouth  blast  furnace. 

8.  How  would  you  propose  to  work  up  the  rough  ends  cut  ofE 
from  steel  rails,  or  other  steel  scrap  ? 

Section  III. 

9.  Give  two  cases  in  which  metals  are  separated  from  silver 
by  volatilization. 

10.  Describe  a  wet  method  for  separating  silver  from  copper 
regulus. 

11.  If  you  had  gold  in  solution  as  chloride,  how,  on  a  large 
scale,  would  you  precipitato  the  gold  P 

12.  When,  during  the  smelting  for  copper,  gold  ores  are  added 
to  sulphide  of  copper,  in  what  products  would  you  expect 
to  find  the  precious  metal  ? 

Section  IV. 

13.  When  zinc  is  added  to  molten  lead  containing  silver,  what 
is  the  result  ? 

14.  In  the  blast-furnace  treatment  of  impure  lead  ores,  "  slag," 
lead  "speise,"  and  "regulus"  are  produced.  Explain 
these  terms,  and  state  what  relative  positions  these  pro- 
ducts occupy  in  the  furnace  before  tapping. 

15.  How  would  you  purify  zinc  containing  iron  and  lead  P 

16.  What  is  the  compound  containing  tin  known  as  **  hard- 
head "  P     How  is  it  produced  P 
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Second  Stage  or  Adyanced  Examination. 

Instbuctions. 

Bead  the  General  Instructions  at  the  head  of  the  Elementary 
paper. 

Yon  are  not  to  aitempt  more  than'^tjc  questions  in  this  paper. 

The  value  attached  to  each  question  is  the  same. 

For  a  pass  in  this  stage  the  student  will  only  be  expected  to 
answer  questions  in  kvo  of  the  following  four  sections  ;  at  least 
iwo  questions  must,  however,  be  taken  brom  Section  I. 

For  a  Ftsst  Class  in  this  stage  the  candidate  must  answer 
questions  in  at  least  three  sections;  at -least  hi;o  questions  must 
be  taken  from  Section  I. 


Section  I.* 

21*  Give  instances  in  which  the  colour  of  a  metal  is  affectdd.bj 
small  quantities  of  impurity. 

22.  What .  is  meant  by  the  expressions  ''  mono-silicate  "  and 
" bi-silicate "  as  applied  to  a  slag?  Mention  processes' id 
which  they  would  respectively  be  produced. 

83.  For  what  metallurgical  operations  would  you  employ  (1)  a 
loDg-flame  non-caking  coal,  and  (2)  a  short-flame  caking 
coal?  -  . 

24.  Name  the  six  specimens  submitted  to  you. 


Section  II. 

26.  Describe  a  process  in  which  a  reverberatory  furnace  would 
be  employed  for  converting  pig  iron  into  "  mild  steel." 
Give  a  sketch,  in  vertical  section,  of  the  furnace. 

26.  "What  is  understood  by  the  term  "  welding  "  ?    How  does 

the  property  of  welding  depend  on  the  physical  condition 
of  iron  ?  * 

27.  Show  by  means  of  a  sketch,  in  vertical  section,  the  arrange- 
ment of  an  hydraulic  <}rane  and  ladle  used  in  connection 
with  the  Bessemer  process. 

28^  What  amount  of  phosphorus  does  basic  Bessemer  slag  con- 
tain ?   .  How-  would  you  propose  to  utilize  such^  a  slag  p 
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Sicnov  in. 

29.  When  a  cornier  regulns  containing  botti  gold  and  ailyer  ia 
derilyerized  07  the  Zierrogel  prooesSy  what  becomeB  of  the 
gold  ?    Btato  how  yon  would  extract  the  gold. 

80.  A  sample  of  gold  is  found  to  contain  both  platinum  and 
iridium.  How  would  yon  separate  these  metals  from  tho 
gold? 

31.  How  would  jon  proceed  to  treat  an  ore  containing  native 
silver  and  chloride  of  silver,  with  a  view  to  the  extraction 
of  the  silver  P 

32.  If  you  wished  to  prepare  alloys  of  gold  having,  for  the 
purposes  of  the  manufacture  of  jewelry,  (1)  light  yellow ; 
(^)  greenish ;  (3)  red  tints,  how  would  you  proceed  ? 

SioTioN  rv. 

33.  How  would  you  smelt  a  copper  ore  mixed  with  25  per  cent, 
of  galena,  with  a  view  to  the  extraction  of  both  the  lead 
and  Uie  copper  P 

84.  Describe  the  method  employed  for  the  reduction  of  metallic 
binnuth  from  an  ore  containing  disseminated  sulphide  of 
bismuth. 

35.  Show  by  a  sketch,  in  vertical  section,  the  arrangement  of  a 
Silesian  zinc  furnace  with  regenerative  chambers. 

36.  State  approximately  the  percentage  composition  of  any 
four  of  the  following  alloys : — Brass,  bronze,  German  silver, 
)K)wter,  speculum-metal,  gun-metal. 


Hononn  XxaminatioxL 
Instbuctiohs. 


Bead  the  Qeneii^  Instructions  at  the  head  of  the  Elementary 
paper. 

You  are  not  to  attempt  more  than  eight  questions,  and  in 
these  No.  51  must  be  included. 

The  value  attached  to  each  question  is  the  same. 


4iO,  Why  is  the  temperature  actually  obtained  in  a  furnace 
lower  than  that  indicated  by  theoretical  considerations 
•based  on  the  composition  of  the  fuel  employed  P 
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41.  When  salphideB,  are  roaated  in  ordinarir  reyerberatory 
f  arnaoesy  bat  little  of  the  solpharons  anhydride  bo  pro- 
duced ia  utilized  for  the  prodnction  of  Bolpharic  acid.  To 
what  caofie  is  this  due,  and  how  may  uie  diffioolties  be 
overcome  ? 

42.  A  sample  of  coal  is  found  to  contain  snlphnr.  In  what 
form  does  it  occar,  and  to  what  extent  will  it  pass  into  the 
coke  obtained  from  the  coal  ? 

43.  What  are  the  difficulties  connected  with  the  electrolytio 

treatment  of  zinc  ores  P  Describe  such  a  method  for  the 
separation  of  zinc  from  zinc  blende. 

44.  In  the  Glaudet  process  for  the  desilverization   of  roasted 

copper  pyrites,  the  silver  is  precipitated  in  the  form  of 
iodide.  How  is  it  that  this  process  is  commercially  suc- 
cessf  al,  cuprous  iodide  being  also  insoluble  ? 

45.  Many  of  the  silver  ores  of  the  United  States  occur  in 
adraixtare  with  large  quantities  of  barium  sulphate,  from 
which  they  cannot  well  be  separated  by  dressing.  In 
smelting  such  ores  with  lead,  what  modifications  in  the 
blast-furnace  treatment  are  necessary  ? 

46.  Show  by  sketches,  in  vertical  section,  the  arrangement  of  a 
battery  of  stamps,  and  the  usual  accessoiy  appliances  which 
would  be  employed  for  collecting  the  gola  present  in  quartz 
containing  auriferous  pyrites. 

47.  Some  of  the  older  heaps  of  copper  slag  at  Swansea  are 
known  to  contain  nearly  two  per  cent,  of  copper.  In  what 
way  would  you  treat  them  in  order  to  extract  the  copper, 
the  ordinary  Welsh  method  of  copper  smelting  not  being 
applicable  ? 

48.  What  are  the  physical  properties  of  pure  iron  ?  State  how 
you  would  prepare  a^  small  quantity  of  very  pure  iron  for 
purposes  of  research. 

49.  It  has  been  observed  that,  at  certain  stages  of  the  basic 
Bessemer  process,  the  iron  contains  calcium  and  magnesium. 
How  do  you  account  for  this,  and  how  is  it  that  these 
elements  are  not  present  in  the  finished  iron  ? 

50.  What  resemblances  are  there  between  the  metallurgical 
treatment  of  (a)  ores  of  iron  and  of  nickel ;  and  (6)  ores 
of  nickel  and  of  copper  ? 

51.  Name  and  describe  briefly  the  six  specimens  submitted  to 

you. 
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SUBJECT  XIXi>.    FSAGTIGAL  METALLURGY. 

pRAcrriCAL  Examination. 

ExAMiNBB,  PROFESSOR  W.  CHANDLER  ROBERTS- 
AUSTEN,  P.R.S. 

Instructions  to  Ca/ndtdaies, 
Works  on  Metallurgy  may  be  used. 


Abundant  Bamples  are  sent  in  each  case ;  tbe  amonnt  to  be 
actually  used  is  left  to  the  candidate's  discretion^ 


Elementary  Stage. 

Three  hours  are  allowed  for  this  examination. 


r.  The  candidate  is  required  to  prepare  the  alloy  Imown  as 
"  Muntz  metal  **  (or  "  yellow  metal ")  from  the  copper  and 
zinc  given  to  him.  He  must  deduce  the  percentage  com- 
position of  the  alloy  he  obtains  from  the  weight  of  bis 
product. 

2.  The  sample  is  metallic  lead.  It  is  to  be  converted  into 
oxide  of  lead  which  must  not  be  fused.  The  candidate  is 
to  calculate  the  composition  of  the  product  from  the 
increase  in  the  weight  of  the  lead  resulting  from  tho 
oxidation. 

Note. — The  candidate  must  place  the  number  of  his  exami- 
nation paper  on  the  products  he  obtains,  and  hand  them  to  the 
Superintendents  of  the  examination,  to  be  returned  to  the 
Department  for  examination. 
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SX7BJEGT  XTCp.   PRACTICAL  METALLUBGY. 

Practical  Examination. 

Examini:b,  professor  W.  CHANDLER  ROBERTS- 
AUSTEN,  F.R.S. 

Instructions  to  Oandidates. 

Works  on  Metallurgy  may  be  nsed. 

Abundant  samples  are  sent  in  each  case ;  the  amonnt  to  be 
actually  nsed  is  lefb  to  the  candidate's  discretion. 


Advanced  Stage. 

Four  hours  are  allowed  for  this  examination. 


1.  The  candidate  is  required  to  estimate  the  amount  of  ash  and 

of  sulphur  in  the  sample  of  coal  given  to  him,  and  lie  is  to 
state  his  opinion  as  to  the  character  of  the  coal  from  the 
coke  it  yields. 

2.  The  sample  is  an  ore  of  iron ;  the  percentage  of  iron  is  to  be 

determined  by  a  "  dry  "  or  a  *'  wet "  method. 

Note. — The  candidate  must  place  the  number  of  his  examina- 
tion paper  on  the  coke  he  obtains  in  the  first  question,  and  hand 
it  to  the  Superintendents  of  the  examination,  to  be  returned  to 
the  Department  for  examination. 


Honours. 

Eight  hours  are  allowed  for  this  examination, 

11.  The  candidate  is  required  to  extract  the  copper  and  the 
silver  from  the  "  burnt "  pyrites  given  to  him.  He  is  to 
roast  the  ore  with  salt,  and,  in  separating  the  silver,  he  is 
to  use  the  iodide  of  potassium  sent.  He  is  to  state  the 
amount  of  the  copper  and  of  the  silver  present. 

12.  The  sample  is  bronze,  and  the  candidate  is  required  to 
determine  the  percentages  of  copper  and  of  tin. 

Note. — After  weighing  the  iodide  of  silver  he  obtains,  the 
candidate  is  to  place  the  number  of  his  examination  paper  on 
the  packet  enclosing  the  precipitate,  and  to  hand  it  to  the 
Superintendents  of  the  examination,  to  be  returned  to  the 
Department  for  examination. 
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SUBJECT  XX.    NAVIGATION. 

ExiMDrKB,  Bet.  J.  B.  HABBOBD,  M.A. 


Gekebjll  Instbuctions. 
If  the  roles  are  not  attended  to,  the  paper  will  be  cancelled. 

Yon  may  take  the  Elementary,  or  the  Advanced,  or  tho 
Honours  paper,  bat  jon  mnst  confine  yourself  to  one  of  them. 

In  all  cases  the  number  of  the  question  must  be  placed  before 
the  answer  on  the  worked  paper. 

The  value  attached  to  each  question  is  shown  in  brackets 
after  the  question.  But  a  full  and  correct  answer  to  an  easy 
question  will  in  all  cases  secure  a  larger  number  of  marks  than 
an  incomplete  or  inexact  answer  to  a  more  difficult  one. 

Yon  are  to  confine  your  answers  strictly  to  the  questions  pro- 
posed. 

Your  name  is  not  given  to  the  Examiner,  and  you  are  for- 
bidden to  write  to  him  about  your  answers. 

The  examincdion  in  this  subject  lasts  for  three  hours. 


nrst  Stage  or  Elementary  Examination. 

Instbuctiohs. 

You  are  only  permitted  to  attempt  eight  questions,  viz.,  four 
out  of  each  of  the  sections  into  which  the  paper  is  divided. 


Section  I. 

Mention  the  chief  considerations  which  show  that  the  earth 
is  spherical.  Describe  its  figure  more  exactly,  drawing  a 
diagram.  Define — longitude,  parallels  of  latitude.  What 
is  the  length  of  tho  straight  line  joining  the  north  and 
south  poles^  and  of  the  semicircle  joining  them  ?    (12J.) 
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2.  Define — course,  nautical  distance.  State  when  the  nantical 
distance  between  two  places  is  also  the  shortest  distance. 
Define — diffei*ence  of  longitude  and  departure  between  the 
place  A  from  which  a  ship  has  sailed,  and  B  that  at  which 
she  has  arrived  ;  and  draw  a  figure,  A  and  B  being  both  in 
the  southern  hemisphere.  (12|.) 

3  Describe  the  different  parts  of  a  mariner's  compass,  drawing 
a  compass  card  with  its  divisions ;  name  those  onlj  in  the 
quadrant  below  S.  and  W.  Define — true  course,  compass 
course.  What  causes  their  difEerence  ?  Why  is  it  necessary 
to  be  able  to  deduce  one  from  the  other  P  (I^IO 

4.  Write  down  the  formulas  connecting — (1)  course,  departore, 
nautical  distance ;  (2)  course,  difference  of  latitude,  nauti- 
cal distance ;  (3)  course,  departure,  difference  of  latitude. 
Gourse=2^  pts.,  diff.  lat.= 94 miles;  find,  from  the  traverse 
table,  the  values  of  departure  and  distance.  What  would 
be  the  coui'se  if  the  departure =94  miles,  the  distance  being 
the  same?  (12^.) 

6.  How  do  you  find  at  what  rate  a  ship  is  sailing  P  Describe 
the  instrument  and  process,  and  give  an  example  as  an 
illustration.  (12|.) 

6.  What  is  the  use  of  such  observations  as  the  following  P 
What  is  the  cause  of  the  two  angles  differing  P 
Bearing  of  compass  on  shore  Beftring  of  ship's  compass 

from  ship's  compass.  from  compass  on  shore. 

N.  28^  30'  W.  S.  40^  10'  B. 

What  do  you  deduce  from  this  particular  example  P  (12^.) 


Section  11. 

7.  A  ship  sailed  39  miles  W.S.W. ;  find,  by  calculation,  the 
departure.  (7.) 

8.  A  ship  sails  111  miles  K.E.  by  E.  from  a  place  5  miles  due 
north  of  St.  Abb's  Head ;  latitude  of  St.  Abb's  Head  is 
65*  55'  N.     Find  the  latitude  in.  (9.) 

0.  Find  true  course  and  distance,  by  middle  latitude  sailing, 
from  Cape  Comorin  to  Colombo. 

Cape  Comorin     . .     lat.  8°  5'  N.,  long.  IV  W  E. 
Colombo       . .     . .     lat.  6°  57'  N.,  long.  80°  0'  E.  (10.) 

10.  Find  the  latitude  in  and  longitude  in  (by  middle  latitude 
method)  having  sailed  from  Cape  Clear  (lat.  51^  25'  N. ; 
long.  9^29'  W.),  320  miles  S.  35*  20'  W.  by  compass; 
variation,  2^  pts.  W.,  deviation,  3°  E.  (13.) 
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11.  Find  the  compaBs  conrse  and  distance,  from  A  to  B: — 
Lat.  A.     . .     15°  30'  S.  Long.  A.     . .     ISS'^  0'  E. 
Lat.  B.     ..     25°0'S.  Long.  B.     ,,     152°  30' E. 
Variation. .      8°  E.  Deviation   . .      12'  E.  (13.) 

12.  A  ship  sails  from  a  place  in  latitude  30®  10*  N.,  lonffitudo 

60°  W.,  as  follows  :— 

True  courses.  Distances. 

E.  byN 25xnUeB. 

S.E 12    „ 

N.N.W 46    „ 

S.         ..         ..         ,.  64    „ 

Find  the  latitude  in  and  longitude  in.  (14.) 


Second  Stage  or  Advanced  Examination. 

Instructioms. 

Bead  the  General  Instructions  at  the  head  of  the  Elementary 
pAper. 

You  are  permitted  to  aUempt  all  or  any  of  the  questions. 


21.  Name  and  define  the  curve  on  the  earth's  surface  which 
is  always  represented  as  a  straight  line  on  a  Mercator 
chart.  Is  its  essential  property  altered  in  this  projection  ? 
Describe  the  constructipn  of  the  Mercator  chart.  Give  and 
prove  the  formulaa  used  in  Mercator  sailing.  C^^-) 

22.  Describe  the  two  principal  methods  of  ascertaining  the 
deviation  of  the  compass.  What  do  you  mean  by  sub- 
permanent  magnetism  P  What  is  induced  magnetism  ?  In 
what  positions  of  a  ship  has  yertical  induction  the  greatest 
efEect  ?  (25.) 

2*3,  What  is  the  vertex  of  a  great  circle  ?     Show  how  to  find  its 
'     latitude  and  longitude.     State  concisely  the  advantage  of 
great  circle  sailing,     Why  can  it  only  be  followed  approxi- 
mately P     In  what  cases  is  its  advantage  most  apparent  ? 

(25.) 

24.  Having  a  glass  which  runs  out  in  25  seconds,  construct  a 
log-line  to  be  used  with  it ;  the  length  of  the  nautical  mile 
being  6080  feet.  Describe  Massey's  or  Walker's  patent 
log.  (20.) 
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25.  Two  8nips,  A  and  6,  are  on  the  same  parallel  in  latitude 

20°  N.,  B  being  236  miles  dne  east  of  A ;  both  sail  due 
north  till  they  reach  the  parallel  of  45°.  How  many  miles  is 
B  then  due  east  of  A  ?  (15.) 

26.  Find,  by  Mercator  sailing,  the  compass  course  and  distance 
between  Juan  Fernandez  (lat.  33°  40'  S. ;  long.  78°  58'  W.) 
and  Easter  Island  (lat.  27°  10'  S.;  long.  109°  25'  W.);  var. 
15°  B. ;  dev.  3°  W.  (15.) 

27.  A  plane  passes  through  the  centre  of  the  earth  and  Amster- 

dam Island  and  Bouvet's  Isle  ;  find  the  length  of  the  curve 
formed  by  the  intersection  of  this  plane  with  the  surface  of 
the  earth  intercepted  between  these  two  islands. 

Amsterdam  I.,  lat.  37°  48'  S. ;  long.  77°  25'  B. 
Bouvets'  I.,  lat.  54°  16'  S.j  long.  6"  14'  E.  (30.) 

28.  February  9th,  1887,  at  noon,   C.  Finisterre  (lat.  42^  54'  N.; 

long,  9**  16' W.),  bore  by  compass  E.  by  S.  (ship's  head 
N.W.,  dev.  4**  30'  W.),  distant  10  miles ;  afterwards  sailed 
as  by  following  log  account.  Required  the  lat.  in  and  long, 
in  on  February  10th  at  noon.     Variation  24**  W.       (40.) 


H. 

X. 

Ath«. 

GonrMS.     . 

Wind. 

Leeway 
Fointo. 

Remarks. 

1 

6 

2 

W.S.W. 

South. 

li 

Deviation  rWW. 

2 

4 

6 

3 

4 

8 

4 

5 

0 

5 

5 

6 

• 

6 

5 

4 

North. 

S.W. 

0 

Deviation  3°  50'  B. 

7 

7 

0 

8 

6 

0 

9 

6 

6 

10 

4 

8 

11 

4 

2 

12 

3 

9 

1 

2 

8 

West.  . 

S.  by  E. 

i 

Deviation  10°  W. 

2 

4 

6 

3 

8 

7 

4 

4 

5 

5 

6 

2 

6 

4 

3 

S.  by  B. 

East. 

1 

Deviation  3''  40'  B. 

7 

6 

4 

8 

6 

7 

9 

6 

0 

10 

7 

0 

11 

7 

2 

N.W.  by  W. 

N.E. 

i 

Deviation  6^  W/W. 

12 

7 

5 
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Honotira  ExaminatioB. 

Instructions. 


Bead  the  Qeneral  Instmctions  at  the  head  of  the  ElexnentaTj 
paper. 

You  are  permitted  to  attempt  all  or  any  of  the  qaeatioos. 


41.  Two  steamers,  A  and  B,  are  together  in  latitude  50**  N.; 
they  agree  to  rendezvous  2,100  miles  due  east,  A  steaming 
along  the  parallel  at  the  rate  of  7  miles  an  hour. 
Supposing  B  to  steam  along  the  great  circle  and  arrive 
at  the  rendezvous  simultaneously  with  A,  find  at  what 
rate  she  must  steam  and  her  initial  course.  (^0.) 

42.  Describe  how  the  Traverse  Table  is  constructed,  and  how  and 
why  it  is  of  such  practical  use  in  navigation.  Solve  the 
following  by  the  aid  of  the  Traverse  Table,  explaining  your 
process.  A  and  B  are  two  ships  which  leave  the  same 
place  together ;  Low  far  must  B  sail  N.E.  by  E.,  so  as  to  be 
due  east  of  A  when  A  has  sailed  43  miles  if.E.  by  N.  P 

(40.) 

43.  Describe  Napier's  Deviation  Diagram  and  Curve ;  explain 
and  illustrate  its  uses.  (50.) 

44.  State  what  is  known  as  the  "  Law  of  Storms."  Give  the 
rule  for  determining  the  bearing  of  the  centre.  When  a 
ship  is  caught  in  a  cyclone  what  should  be  done  f      (40.) 

45.  A  ship  sailed  by  D.R.  89  miles  S.S.E.  in  13  hours,  but  it 
wns  found,  by  observation,  that  she  had  made  good  73  miles 
S.E. ;  the  log-line  instead  of  being  51  feet  was  found  to  be 
only  48*5,  and  the  30  seconds  glass  to  take  31  seconds  to  run 
out.  Find  the  direction  and  rate  of  the  current.  Nautical 
mile  =6080  feet.  (50.) 

46.  Draw  a  sketch  of  a  theodolite  sufficient  to  indicate  its 
principal  parts,  and  state  what  adjustments  must  be  made 
before    commencing    observations    with    the    instrument. 

(40.) 
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47.  Describe  the  method  of  making  a  running  survey  of  a  coast 

between  two  known  positions.  Draw  a  rough  sketch  to 
illustrate  your  description,  the  initial  position  being  a 
harbour  in  the  vicinity  of  which  three  conspicuous  and 
conveniently  situated  hill  tops  had  been  determined  on 
shore.     What  instruments  would  you  use  ?  (50.) 

48.  Construct  a  Me^cator's  chart  on  the  scale  of  1*8  inch  to  a 
degree  of  longitude,  extending  from  69"*  to  61°  South 
latitude,  and  from  28°  30'  to  31°  20'  West  longitude,  taking 
out  the  meridional  parts  and  drawing  the  parallels  for  every 
half  degree.  A  ship  sails  from  lat.  59*  40'  S.,  long.  30*** 
30'  W.,  S.E.  by  S.  by  compass  57  miles  (deviation  of  com- 
pisa  3°  W.),  and  then  west  by  compass  (deviation  8*^  30' 
B.),  25  miles.  The  variation  is  10®  E.  Lay  down  theHrue 
courses  and  take  off  the  lat.  in  and  long.  in«  (80.) 


SUBJECT  XXI.    NAUTICAL  ASTBOKOmr. 

ExAMiNiB,  Bev.  J.  B.  HABBOBD)  M.A. 


GiNEEAL  Instructions. 
If  the  ralea  are  not  attended  to,  the  paper  will  be  cancelled» 

Ton  may  tako  tbe  Elementary,  or  the  Advanced,  or  the 
Honours  paper,  but  you  must  confine  yourself  to  one  of  them. 

Put  the  number  of  the  qaestion  before  your  answer. 

The  value  attached  to -each  question  is  shown  in  brackets  after 
the  question.  But  a  full  and  correct  answer  to  an  easy  question 
will  in  all  cases  secure  a  larger  number  of  marks  than  an  in- 
complete or  inexact  answer  to  a  more  difficult  one. 

You  are  to  confine  your  answers  strictly  to  the  questions  pro- 
posed. 

ToTlr  name  is  not  given  to  the  Examiner,  and  you  al*e  forbidden 
to  write  t6  him  about  your  answers. 

The  exdmiruUion  in  this  subject  lasts  for  three  hours. 
(680)  * 
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First  stage  or  Elementary  Examination. 

Ton  are  only  permitted  to  attempt  eight  questions,  viz.,  four 
ont  of  eacli  of  the  sections  into  wbich  the  paper  is  divided. 


Section  I. 

1.  Define   celestial    meridian,    ecliptic,  first  point    of   Aries, 

rational  horizon,  declination.  Illustrate  each  definition  bj 
a  diagram.  (I'H*) 

2.  Explain,  with  figure,  how  diurnal  time  is  defined,  and  show 

what  is  meant  by  sidereal  time,  apparent  solar  time,  and 
mean  solar  time.  What  is  the  angle  called  which  connects 
apparent  and  mean  solar  time  ?  (1^-) 

3.  When  an  altitude  of  a  limb  of  the  sun  is  observed  from  the 

deck  of  a  ship  with  a  sextant,  what  are  the  corrections 
which  have  to  be  applied  to  obtain  the  '*  true  altitude  "  ? 
Explain  fully  and  clearly,  with  a  figure,  "  dip."      (12^.) 

4.  Why  is  the  sextant  specially  adapted  for  use  at  sea  to  measure 

angles  with  ?  What  are  the  angles  most  frequently  re- 
quired to  be  observed  ?  What  are  the  uses  of  the  following 
parts  of  the  sextant — the  horizon  glass,  the  limb,  the  tangent 
screw,  the  vernier  ?  O-^i') 

5.  Prove  the  rule  for  finding  the  longitude  by  chronometer  and 

altitude  of  the  sun.  (12^.) 

6.  Define   azimath,   altitude,  amplitude;  and   illustrate    your 

definitions  by  diagrams.  What  does  the  comparison  of  the 
true  and  compass  bearing  of  the  sun  determine  ?  What  is 
required,  in  addition,  to  enable  you  to  determine  the  varia- 
tion of  the  compass?  If  a  is  the  amplitude  and  d  the 
declination  of  the  body,  I  the  latitude  of  the  place,  write 
down  the  formula  connecting  them.  (^2|^-) 

Section  II 

7.  February  I4th,  1387,  in  longitude  45*"  30'  W.,  the  meridian 

altitude  of  the  sun*s  L.L.  was  48°  10'  (zenith  north)  ;  the 
index  correction  was  +  1'  40,"  and  the  height  of  the  eye 
above  th3  sea  was  18  feet.     Required  the  latitude.      (8.) 

8.  March  20th,  1887,  in  longitude  180°,  the  meridian  altitude  of 

the  sun's  U.L.  was  35^20'  (zenith  south).  Index  correction 
—2' ;  height  of  eye,  16  feet.    Required  the  latitude.  (10.) 
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9.  Jannarj  12tli,  1887,  at  7*^  A.M.,  mean  time  nearly,  in  latitude 

31*  20'  N.  an4  loDgitude  60°  30'  W.,  the  sun  rose  by  com- 
pass E.  28°  40'  S.  Required  the  combined  correction  for 
variation  and  deviation.  (8.) 

10.  February  10th,  1887,  at  7^  30»  A.M.,  mean  time  nearly,  in 
latitude  25°  39'  N.,  and  longitude  30°  34'  W.,  when  the  snn 
bore  by  compass  S.  38°  40'  E.,  the  observed  altitude  of  the 
Bun*s  TJ.L.  was  9°  50'.  Index  correction— 2' ;  height  of 
eye,  25  feet.  {Required  the  variation,  the  deviation  being 
10°  W.  (12.) 

11.  June  4th,  1887,  at  3*>  50°*  P.M.,  mean  time  nearly,  in  latitude 

20°  20'  N.,  and  longitude  by  account  45°  55'  W.,  when  a 
chronometer  showed  5*^  32™  58*,  the  observed  altitude  of 
the  sun's  L.L.  was  37**  58'  55".  Index  correction,  +  2'  10"  ; 
height  of  the  eye,  18  feet. 

On  May  22nd,  at  noon,  the  chronometer  was  slow  on 
G.M.T.  l^  12"»  35«,  and  its  daUy  rate  was  2-5«  gaining. 

Required  the  longitude.  (14.) 

12.  May  20th,  at  ff*  30"*  A.M.,  mean  time  nearly,  in  latitude 

54  30'  N.,  and  longitude  3**  E.,  when  a  chronometer  showed 
7^  6"»,  the  observed  altitude  of  the  sun's  L.L.  was  37°  5'  20". 
Index  correction,  —3'  10" ;  height  of  the  eye,  20  feet.  Re- 
quired the  error  of  the  chronometer  on  G.M.T.         (1^0 


Second  Stage  or  Advanced  llzamination. 

iNSTBtCTIOKS. 

Read  the  General  Instructions  at  the  head  of  the  Elementary 

paper. 
Ton  are  permitted  to  attempt  all  or  any  of  the  questions. 


21.  September  24th,  1887,  in  longitude  80°  W.;  find  what 
bright  stars,  given,  in  the  Nautical  Almanac,  will  pass  the 
meridian  between  the  hours  of  8  and  11  P.M.  ?  At  what 
time  will  the  brightest  of  these  stars  be  on  the  meridian, 
and  at  what  distance  N.  or  S.  of  the  zenith,  supposing  the 
latitude  of  the  place  to  be  10°  S.  ?  Draw  a  figure  (projec- 
tion on  equinoctial)  showing  this  star,  the  meridian,  the 
mean  snn,  and  the  first  point  of  Aries.  (^5.) 

22.  The  altitude  of  a  star  is  taken  with  a  sextant  and  a'n  orti^ 
ficial  horizon.  Show  that  the  angle  between  the  inclination 
of  the  index  and  horizon  glasses  of  the  sextant  is  equal  to 
the  altitude  of  the  star.  Draw  diagrams  illustrating  your 
explanation.  (20.) 

i2 
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23.  Show  how  to  calcalate  the  parallax  from  the  meridiaxl 
zenith  distances  of  a  heavenly  body  observed  at  the  same 
instant  at  two  distant  places  on  the  same  meridian.  (20.) 

24.  Investigate  the  method  of  finding  the  error  of  a  chronometer 
bj  a  single  altitude  of  a  star.  (1^0 

25.  Jane  17th,  1887,  A.M.,  in  latitude  by  account  51°  15'  N.,  and 

longitude  1"*  30'  E.,  a  chronometer  showed  11*^  49"  11* 
(error  on  G.M.T.  3"*  4G»  &st),  when  observed  altitude  of 
sun's  L.L.  near  the  meridian  was  62°  0'  10".  Index  correc- 
tion—30";  height  of  eye,  27  feet.  Find  the  latitude  l^ 
reduction  to  meridian,  using  estimated  latitude.         (20.) 

26.  March  12th,  1887,  in  latitude  by  account  38°  45'  N.,  the 

true  altitude  of  Regnlus  was  found  to  be  20°  22'  30",  and  at 
the  same  time  the  true  altitude  of  Sirius  was  30°  37'  30"; 
both  stars  being  east  of  the  meridian.  Required  the  true 
latitude.  (30.) 

27.  June  28,  1887,  at  5^  30™   mean  time  nearly,  in  latitude 

^°  42'  N.,  longitude  9*  39'  W.,  when  a  chronometer 
snowed  5**  31"*  0*,  the  bearinp^  of  the  sun  was  observed  to  bo 
N.  57°  30*  W.  The  error  of  chronometer  on  G.M.T.  was 
33"  31*  slow,  and  the  deviation  of  the  compass  30'  E.  Find 
the  variation.  (^') 

28.  Define   '* observed  distance,"  '* apparent  distance,"    ''true 

distance,"  between  two  heavenly  bodies.  Explain  clearly 
why,  while  the  apparent  place  of  the  sun  is  nearer  to  the 
zenith  than  the  true  place,  the  apparent  place  of  the  moon 
is  nearer  to  the  horizon  than  the  true  place. 

The  observed  altitude  of  the  moon's  L.L.  was  26*  30'  20" 
on  1st  March,  1887,  at  2»>  15°*  P.M.,  G.M.T.  Index  correc- 
tion —1'  40"  ;  height  of  eye,  25  feet.  Find  the  apparent 
and  the  true  altitude  of  the  moon's  centre. 

On  14th  February,  1887,  the  true  distance  between  the 
sun  and  moon  was  found  to  be  94°  20'  10",  and  the  ship's 
mean  time  was  2*>  50"»  20*.     Find  the  longitude.       (40.) 


Honotmi  ExaminatioxL 

Inbtbuctions. 


Bead  the  G^enil  Instructions  at  the  head  of  the  Elementary 
paper. 

Ton  are  permitted  to  attempt  all  or  any  of  the  questions. 
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4tl.  State  sHortlj  the  principle  of  Simmer's  method  for  finding 
the  position  of  a  ship  by  projection  of  lines  of  position. 

November  29th,  1887,  by  D.R.,  the  position  of  a  ship 
was  latitude  20°  40'  N.,  and  longitude  36""  SO'  W. ;  the 
correct  G.M.T.  by  chronometer  was  ll**  35"  47»  P.M.,  and 
the  trae  altitudes  east  of  the  meridian  of  Pollux  and  Siriua 
respectively  10°  48'  30"  and  8°  19'  20".  Find  the  longi- 
tude of  four  points  to  determine  two  lines  of  position,  the 
most  southerly  points  being  in  latitude  20°.  Draw  a  rough 
diagram,  and  take  off  from  it  approximately  the  true 
latitude  and  longitude  of  the  ship.  (P^-) 

42.  A  ship  is  in  north  latitude;  the  sun's  meridian  altitude 
is  59'  30^  his  declination  north,  and  bis  setting  amplitude 
W.  20°  80'  N.  The  declination  being  considered  unaltered, 
find  it  and  the  latitude.  (50.) 

43.  Investigate  Ivory's  method,  with  Riddle's  extension,  for 
finding  the  latitude  and  longitude  by  two  altitudes  and  the 
Greenwich  date.  (^0.) 

44.  What  do  you  mean  by  the  augmentation  of  the  moon's 
semi-diameter  ?    Prove  that-^ 

Aug.  =  2  R.  oosec.  (t'-^p)  oos.   («'— f)BiB2« 

z        z 

where  R  =  horizontal  semi-diameter,  k*  =  apparent  asenith 
distance,  and  |)^hor.  par.  x  cos.  app.  alt. 

Find  the  augmentation  of  the  moon's  horizontal  semi-* 
diameter  when  the  apparent  altitude  of  the  centre  is 
50°  30',  the  horizontal  parallax  being  55'  33*5",  and  the 
horizontal  semi-diameter  15'  9*9".  (^^O 

45.  Explain,  by  help  of  a  diagram,  how  tides  are  caused  and  the 

reason  of  the  difference  between  spring  and  neap  tides. 
Define  '* superior  tide,"  "inferior  tide."  Distinguish  be- 
tween "  the  age  of  the  tide  "  and  "  the  lunitidal  interval.'* 
The  ^* establishment  of  the  port"  for  London  Bridge  is 
given  in  the  Nautical  Almanac  as  1^  58°^ ;  explain  clearly 
what  this  means,  stating  when  it  would  represent  the 
actual  time  of  high  water.  Is  there  any  other  "estab- 
lishment of  the  port "  ?  If  so,  name  and  define  it,  and 
show  how  its  value  is  obtained.  (^^0 

46.  Find  the  time  at  which  Jupiter  will  set,  on  May  20th,  at  a 
place  in  latitude  30°  45'  N.  and  longitude  29°  30'  W. 

(50.) 

47.  Describe  the  different  methods  ordinarily  used  for  finding 
error  of  chronometer,  viz.,  by  time-balls,  transit  instru- 
ment, altitudes.  Explain  clearly  what  you  mean  by  "  the 
equation  of  equal  altitudes."  Having  observed  the  alti* 
tude  of  a  star  east  of  the  meridian,  show  how  to  find  the- 
time  nearly  when  the  corresponding  equal  altitude  of  the 
star  west  of  the  meridian  is  to  be  observed.  (50.) 
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48.  If  a,  py  imd  h  are  the  trac  altiinde,  the  ^lar  distance,  and 
hour  angle  of  PoZam,  prove  that  the  follomng  ate  sacces- 
give  approximations  to  the  latitude  ol  tlie  place : — 

(1.)  a—jp  cos  Ji ; 

(2.)  a— />  cos  /*  + J  tan  a  Q)  sin  ^)^  sin  1". 

Find  the  latitude  when 

tt=46'»  17'  28" ;  |>=4644"  ;  h^ff'  23«  83«.         (60.) 


BnB;moT  xzn.  sfBlM. 

ExAMiNEB^  PROFESSOR  GOODEYE,  M.A. 


GfiNE&AL  IirSTBUCTIONS. 

If  the  rules  are  not  attended  to,  the  paper  will  be  cancelled. 

You  may  take  the  Blementftry,  or  ttie  Adranced,   or  the 
Honours  paper,  but  you  must  confine  yourself  to  one  of  them. 

•  Put  the  iiumbeir  of  the  question  before  your  answer. 

You  are  to  confiuo  your  answers  strictly  to  the  questions  pro- 
posed. 

Tour  name  is  not  given  td  the  tizaminer,  tthd  you  are  for- 
bidden to  write  to  him  about  yottr  answel*s. 

The  examinaUon  in  this  subject  lasts  for  three  hours. 


flrat  Stage  or  Blementai^  JBxAminaiioll. 

Insteuctions. 

-  You  are  not  permitted  to  attempt  more  than  five  questions. 

.  The  value  attached  to  each .  question  is  shown  in  brackets 
after  the  question. 
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1.  Describe  an  experiment  for  ascertaining  approximately  the 

relation  between  thu  pressure  and  temperature  of  steam  at 
a  moderate  pressure  (say  10  lbs.)  above  that  of  the  atmo- 
sphere. (1^0 

2.  In  adapting  the  steam  engine  for  driying  machinery,  Watt 

employed  a  steam  cylinder  with  four  valves  for  distributing 
the  steam.  Sketch  a  section  through  the  cylinder  of  an 
engine  of  this  kind,  showing  the  valves,  together  with  the 
-  steam  and  exhaust  passages.  Mark  tKe  valves  by  letters, 
and  mention  the  order  in  which  they  are  respectively 
opened  and  closed.  (1^) 

3.  Sketch  in  section  an  ordinary  locomotive  cylinder  with  a 

D  slide  valve.   Put  the  valve  in  its  middle  position.  (15.) 

4.  How  is  an  engine  reversed  when  fitted  with  a  single  eccen- 

tric which  is  not  keyed  to  the  driving  shaft  ?  (20.) 

5.  Sketch    and    describe    an  ordinary  form  of    piston  for  a 

stationary  engine.  Show  the  packing  rings  and  the  attach- 
ment of  the  piston  rod.  Name  the  materials  employed  in 
the  construction  of  the  several  parts,  and  give  reasons  for 
employing  the  different  materials.  (16.) 

6.  What  do  yon  understand    by  the   expansive  working    of 

steam?  If  steam  be  admitted  into  the  cylinder  of  an 
engine  at  a  pressure  of  30  lbs.  above  that  of  the  atmosphere 
(which  is  taken  at  15  lbs.  per  square  inch),  and  be  out  off  at 
one-third  of  the  stroke,  what  is  its  pressure  at  the  end  of 
the  stroke?  (20.) 

7.  Sketch   a  longitudinal  section  of   a   Cornish  boiler,   show 

olearly  the  inethbd  of  connecting  the  ends  to  the  shell  and 
flue  plates,  and  mark  the  water  level.  Where  is  the  feed 
water  admitted,  and  for  what  reason  ?  (20.) 

8.  Describe  the  water  gauge  for  ascertaining  the  height  of  the 

t^ater  in  a  locomotive  boiler.  Show  its  position  with  refer- 
ence to  the  fire-box  of  the  boiler,  ahd  sketch  a  longitudinal 
section  through  the  gauge.  (15.) 

9.  Sketch  a  section  through  a  surface  condenser,  showing  the 

passage  of  the  water  and  steam  through  it.  By  what 
means  is  the  flow  of  water  kept  up  P  (20.) 

10.  Show  the  method  of  connecting  the  double-headed  rail  to 
the  transverse  sleepers  of  the  permanent  way  of  a  railroad, 
and  the  method  of  joining  the  rails  together.  (15.) 
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11.  What  is  the  object  of  a  separate  expansion  yalve,  and  where 

is  it  placed  P  Sketch  a  section  through  a  gridiron  expansion 
valve.  If  such  a  valve  has  a  travel  of  1  inch,  and  the 
ports  are  12  inches  wide,  how  should  the  valve  be  con- 
Btrncted  so  as  to  give  a  maxiTnuTn  opening  of  4  square  foot  ? 

(20.) 

12.  Wbat  would  be  the  indicated  horse-power  of  a  bigh-pres- 
sure,  non-condensing  steam  engine,  in  which  the  mean 
effective  pressure  of  the  steam  is  25  lbs.  per  square  incb, 
the  diameter  of  the  cylinder  10  inches,  and  the  length  of 
stroke  18  inches^  when  running  at  120  revolutions  per 
minute  P  (15.) 


Second  Stage  or  Advanoed  Ezamiixatioii. 

Instructions. 

Bead  the  General  InatmotionB  at  the  head  of  the  Elementary 
paper. 

Yon  are  not  permitted  to  ctUempt  more  than  five  questions. 

The  value  attached  to  each  question  is  shown  in  brackets  after 
the  question. 


21.  What  are  scUurated,  tuperheaied^  andK^e^  steam  respectiveljP 
Whj  is  there  a  loss  of  efficiency  in  using  wet  steam? 
Define  a  thermal  unit,  and  explain  the  method  of  measuring 
the  latent  heat  of  steam.  (25.) 

22.  If  one  pound  of  Newcastle  coal  develops  12,000  units  of 
heat  by  its  complete  combustion,  how  much  water  at  60°  F. 
should  be  converted  into  steam  at  212°  F.  by  the  consumption 
of  1  cwt.  of  such  fuel,  assuming  that  there  is  no  loss  of 
heat  during  the  operation  P  (<^0.) 

23.  Explain  the  effects  produced  by  putting  outside  and  inside 

lap  respectively  upon  the  slide  valve  of  an  engine.  The 
outside  lap  is  1}  inches,  the  lead  is  J  inch,  and  the  greatest 
opening  for  steam  is  1^  inches,  what  is  the  travel  of  the 
valve,  and  how  far  is  the  valve  from  its  middle  position 
wheT\  the  piston  is  just  beginning  its  stroke  ?  (30.) 
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24.  The  crank  of  an   engine   has  a  radins  of   18  inches,  the 

connecting  rod  is  6  feet  long,  and  the  number  of  revelations 
made  by  the  engine  is  80  per  minute.  Find  graphically 
or  otherwise  the  velocity  of  the  piston  in  feet  per  second 
when  the  crank  has  passed  through  an  angle  of  30°  from 
the  dead  centre  during  the  forward  stroke.  (30.) 

25.  Draw  a  theoretical   indicator  diagram  for  a  condensing 

engine  working  expansively,  and. mark  the  scale  on  your 
difi^pram  for  an  engine  of  30  inches  stroke  supplied  with 
steam  at  30  lbs.  al»olute  pressure,  cut  off  at  two-thirds  of 
the  stroke,  and  working  witb  a  vacuum  of  12  lbs.  Point 
ont  the  assumptions  which  are  made  in  drawing  the  theo- 
retical diagram,  and  mark  in  dotted  lines  the  actual 
diagram  which  you  would  expect  to  obtain  if  the  engine 
were  in  good  working  order.  (40.) 

26.  Sketch  and  explain  the  mechanism  for  opening  and  closing 
the  steam  valve  of  a  single-acting  Cornish  pumping 
engine.  *  (40.) 

27.  Describe  the  modified  form  of  D  slide  known  as  a  double- 
ported  slide  valve.  Sketch  a  section  through  the  valve 
and  ports,  showing  the  ppsition  of  the  valve  when  just 
opening  for  steam.  When  is  it  desirable  to  adopt  a  valve 
of  this  construction  ?  (^0 

28.  Find  an  expression  for  the  thickness  of  the  shell  of  a  cylin- 

drical boiler,  the  tensile  strength  of  the  material,  the  pres- 
sure of  steam,  and  the  diameter  of  the  shell  being  given, 
if  a  cylindrical  boiler  5  feet  in  diameter  will  support  a 
steam  pressure  of  20  lbs.,  what  should  be  the  diameter  of  a 
boiler  of  like  material,  construction,  and  thickness  of  plate, 
for  supporting  a  steam  pressure  of  100  lbs.  P  (35.) 

29.  Sketch  and  describe  some  form  of  slide  valve  which  is  fitted 

with  a  variable  expansion  slide  at  the  back.  (35.) 


30.  Describe,  with  sketches,  the  general  construction  of  a  boiler 
for  generating  steam  at  a  high  pressure,  selecting  that  one 
of  the  three  (land,  marine,  or  locomotive)  with  which  you 
are  most  ^uniliar.  (45.) 


(530)  I  3 
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Honours  ExaminatloBi. 

Instructions. 

Read  the  General  Instamctionfl  at  the  head  of  the  Elemontarj 
paper. 

Yon  are  not  permitted  to  attempt  more  than  tix  qnestions. 

The  Yalae  attached  to  each  question  is  shown  in  brackets  after 
the  question. 


41.  Describe,  with  sketches,  the  construction  of  a  surface  con* 

denser.  How  are  the  tubes  fixed  ?  In  a  marine  engine, 
fitted  with  a  surface  condenser,  the  stea)n  enters  the  con- 
denser at  a  temperature  of  142**  F.,  and  is  condensed  into 
water  at  120°  F.  How  many  pounds  of  circulating  water, 
which  enters  at  60°  F.  and  is  discharged  at  100**  F.,  will 
be  required  for  eyery  pound  of  steam  condensed  P      (60.) 

• 

42.  Find  the  curve  of  position  for  a  valve  driven  by  an  eccen- 

tric, the  obliquity  of  the  eccentric  rod  being  disregarded. 
Hence  deduce  a  method  of  constructing  a  valve  diagram. 

Find  graphically  or  otherwise  the  "  angle  of  advance  **  and 
"  eccentricity"  where  a  valve  is  worked  by  a  single  eccentric 
(the  obliquity  of  the  rod  being  neglected),  it  being  given 
that  the  inside  lap  is  ^  inch,  the  outside  lap  -^  inch,  the 
lead  is  i  inch,  and  the  cut-off  takes  place  at  ^  of  the  stroke 
of  the  piston,  and  find  when  the  exhaust  begins.       (65.) 

43.  Describe,  with  sketches,  the  arrangement  of  some  form  of 

compound  cylinder  non-condensing  engine,  showing  the 
connection  of  each  piston  with  the  crank  and  the  valves 
and  passages  for  distributing  the  steam,  (^0 

44.  JDescribe  and  explain  Joy's  valve  gear,  pointing  out  any 

special  advantages  in  this  form  of  valve  gear  as  compared 
with  the  ordinary  forms  of  link  motion.  (70.) 

45.  Investigate  an  expression  for  the  efficiency  of  a  heat  engine 

working  in  a  reversible  cycle.  Give  an  example  of  a  cycle 
which  is  not  reversible.  (?0.) 


Digitized  by  VjOOQIC 


XXn. — STEAM.  139 

46.  Write  dowa  Regnault's  formala  for  the  total  heat  of  forma- 
tion of  steam  at  a  given  temperature,  adopting  Fahrenheit's 
scale. 

It  being  observed  that  in  a  double-acting  engine  making 
24  revolutions  per  minute,  and  indicating  125  h.pk,  the 
temperature  of  the  st^am  in  the  boiler  is  308°  F.,  while 
that  of  the  feed  water  is  75^  F.,  the  amount  of  dry  steam 
passing  into  the  cylinder  per  stroke  is  *6  lbs.,  the  amount 
of  priming  water  '025  lbs.,  and  the  amount  of  steam  con- 
densed in  the  jacket  for  each  stroke  is  '09  lbs.,  calculate 
the  efficiency  of  the  engine.  Neglect  any  variation  in  the . 
specific  heat  of  water.  (70.) 

47.  Make  a  sketch  showing  the  construction  of  Giffard's  in- 
jector, and  explain  the  action  of  the  injector. 

If  the  volume  of  1  lb.  of  steam  in  a  boiler  be  8*6  cubic  feet 
and  the  volume  of  I  lb.  of  water  be  '016  cubic  feet,  com- 
pare the  velocities  with  which  steam  and  water  would 
respectively  issue  from  the  boiler,  and  infer  the  kinetic 
energies  of  steam  and  water  issuing  under  these  conditions 
in  the  same  time  from  equal  orifices  in  the  boiler.      (65.) 


SUBJECT  XXm.     PHTSIOGRAPHT. 

Examiners,  PROFESSOR  JOHN  W.  JUDD,  F.R.S.,  aitd 
PROFESSOR  J.  NORMAN  LOOKYER,  F.R.S. 


General  Instructions. 
If  the  mles  are  not  attended  to,  the  paper  will  be  cancelled. 

You  may  take  the   Elementary,  or  the  Advanced,   or  the 
Honours  papier,  but  you  must  confine  yourself  to  one  of  them. 
Put  the  number  of  the  question  before  your  answer. 

Yon  are  to  confine  your  answers  strictly  to  the  questions  pro- 
posed. 

Your  name  is  not  given  to  the  Examiners,  and  you  are  for- 
bidden to  write  to  them  about  your  answers. 

The  examination  in  this  subject  lasts  for  three  hours. 
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Fixvt  Stage  or  Elementery  TBifftTnliifttion. 

Instructions. 

Ton  are  permitted  to  attempt  only  eight  queBtions. 

The  value  attached  to  each  qnestion  is  indicated  bj  the 
niunbers  in  brackets. 


1.  Name  four  binary  compounds  of  common  occurrence,  and 

state  the  elements  of  which  each  is  composed.  (1^0 

2.  What  are  the  chemical  elements  present  in  pure  air  and 

pure  water  respectively  ?  In  what  proportions  are  these 
elements  present  in  each  case?  Wnat  is  the  difference 
between  the  condition  in  which  the  elements  exist  in  air 
and  water  respectivelj  ?  (^^0 

3.  State  what  jou  know  concerning  the  difference  of  pressure 
in  the  atmosphere  at  different  heights  above  the  earth's 
surface.    What  is  the  cause  of  this  difference  ?         (1^^*) 

4.  Define  energy  and  stress.  (I1-) 

5.  Why  is  mercury  used  in  thermometers  ?  (H*) 

6.  State  what  you  know  concerning  the  variation  in  the  length 
of  the  day  and  night  in  different  parts  of  the  world  at 
differeut  times  of  the  year.  (1^1-) 

7.  What  are  the  chief  substances  present  in  solution  in  tho 

waters  of  the  ocean,  and  whence  are  they  derived  ?   (II.) 

8.  What  are  snow-flakes,  and  how  are  they  formed  P      (II.) 

9.  Explain  how  glaciers  and  rivers  respectively  cairy  materials 
from  high  grounds  to  lower  ones.  (11-) 

10.  What  is  a  lava-sti*eam  ?     Of  what  does  it  consist^  and  how 
does  it  behave  ?  (HO 

11.  Into  what  simpler  compounds  can  a  piece  of  pure  limestone 

be  split  up,  and  by  what  means?  (I I*) 

12.  Under  what  conditions  is  a  country  likely  to  have  an  abun- 
dant rainfall  ?  (II.) 


Second  Stage  or  Advanced  Examination. 

Instbuctions. 

You  are  permitted  to  attempt  ovlj  fioe  of  the  following  ques- 
tions. 

The  value  attached  to  each  question  is  the  same. 


Digitized  by  VjOOQIC 


XXm.— PHTSIOGRAPHT.  141 

21.  Describe  ihe  planet  Saturn. 

22.  Whj  is  tbe  inflnence  of  the  moon  on  the  tides  greater  than 

that  of  the  snn  P 

23.  What  is  the  "  Eqnation  of  time  ?  " 

24.  How  was  the  connection  between  comets  and  meteor-swarms 
established  ? 

25.  How  is  the  length  of  a  degree  in  a  meridional  arc  measured  ? 

26.  What  is  the  use  of  a  transit  instrument  P 

27.  Explain  the  principles  which  enable  us  to  determine  the 
heights  of  mountains  by  observing  the  boiling  point  of 
water. 

28.  Describe  the  mode  of  formation  of  hoar-frost,  and  the  con- 

ditions under  which  it  takes  place. 

29.  State  the  nature  and  mode  of  formation  of  the  substances 
known  as  *'  travertine  "  and  "  sinter.** 

30.  How  are  the  deposits  known  as  '*  Diatomaceous  ooze "  and 
*'  Badiolarian  ooze  "  respectively  formed  P 

31.  What  are  volcanic  dykes  P    How  are  they  formed  P    State 

any  peculiarities  of  their  structure  with  which  you  are 
Acquainted. 

82.  What  is  meant  by  sub-atoial  denudation,  and  what  are  the 
chief  agents  engaged  in  it  P 


Honotin  BzaminaUon. 

Ikstbuotions. 

Ton  are  permitted  to  attempt  all,  or  any,  of  the  questiona. 
The  value  attached  to  each  question  is  the  same. 


41.  How  does  the  constant  of  aberration  enable  us  to  determine 
the  distance  of  the  sun  P 

42.  State  what  you  know  concerning  the  distribution  of  the 
earth's  magnetism. 
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43.  What  are  the  terrestrial  rocks  whicli  most  nearly  resemble 
the  stony  meteorites?  Give  an  account  of  tlie  mineralogi- 
cal  constitation  and  stracturo  of  these  rocks. 

44.  How  lias  the  distribution  of  temperature  in  the  oceanic 
waters  at  different  depths  been  determiued  ?  What  are 
the  chief  sources  of  error  in  such  observations  ? 

45.  Give  an  account  of  the  results  which  have  been  obtained  by 
recent  researches  in  connection  with  one  of  the  following 
subjects : — 

(a)  The  spectra  of  sun-spots. 

(6)  The  formation  of  schistose  rocks  by  pressure. 


BUBJSGT  XXIV.     PKINOIPLBS  OF 
AGfelCtJLTtmE. 

BxAMiiTEHS,  PROFESSOR  HENRY  TANNBR,  M.R.A.C., 
F.C.S.,  and  PROFESSOR  JOHN  WRIQHTSON, 
M.R.A.C.,  F.C.S. 


General  Instructions. 
If  the  Rnleg  are  not  attended  toy  tto  paper  will  be  cancelled. 

Yon  may  take  the  Elementary,  or  the  Advanced,  or  the 
Honours  paper,  but  you  must  confine  yourself  to  one  of  them. 

Put  the  number  of  the  question  before  your  answer. 

You  are  to  confine  your  answers  strictly  to  the  questions  pro- 
posed. 

Your  name  is  not  given  to  the  Examiners,  and  you  are  for- 
bidden to  write  to  them  about  your  answers. 

The  examination  in  this  subject  lasts  for  three  hours. 
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First  Stage  or  Elementary  Exaxnination. 
Instructions. 

You  are  permitted  to  attempt  only  eight  questions. 

Each  question  admits  of  an  answer  caiTjing  an  equal  number 
o<  marks. 


1.  Enumerate  the  mineral  or  asH  constituents  of  cultivated 

plants. 

2.  What  descriptions  of  soil  should  you  expect  to  find  overlying 
and  derived  from  (1)  the  London  Clay;  (2)  the  Upper 
Chalk ;  (3)  the  Lower  Chalk  ? 

3.  Are  stones  useful  in  soils  ?     If  so,  how j' 

4.  In  what  ways  do  tillage  operaiions  render  soils  more  pro- 

ductive ? 

5.  Why  are  animal  and  vegetable  refuse  generally  |>088essed 
of  high  manurial  value  ?     Give  six  good  examples. 

6.  How  do  plants  absorb  their  food  from  the  soil  and  frdtn  the 
air  P  What  do  you  understand  by  the  phrase — **  The  food 
of  plants"? 

7.  What  are  the  conditions  of  successful  germination  of  ISeed  P 
Describe  the  changes  which  take  place  in  a  seed  during  the 
process  of  germination. 

8i  What  is  your  opinion  as  to  the  relative  values  of  starchy 
sugar,  and  fat  as  foods  for  fatting  animals  P  To  whai  uses 
are  these  substances  put  in  tne  animal  body  f 

9.  What  are  albuminoids  P  In  what  stock  foods  are  they  most 
abundant  P  What  purposes  do  they  serve  in  animal 
nutrition  P 

10.  What  do  you  understand  by  the  Norfolk  rotation,  and  how 

may  it  most  easily  be  converted  into  a  five,  siz,  or  seven 
years'  rotation  P 

11,  Demonstrate  that  continaous  dressings  of  nitrate  of  soda 
to  the  exclusion  of  other  fertilizers,  would  tend  to  exhaust 
a  soil.     How  might  such  exhaustion  be  prevented  P 
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Second  Stage  or  Advanced  Examination. 

Instbuctions. 

Bead  the  General  Instmctions  at  the  head  of  the  Elemeniaiy 
paper. 

Yon  are  permitted  to  attempt  onlj  six  questions. 

Each  question  admits  of  an  answer  canying  an  eqnal  nnmber 
of  marks. 


21.  How  does  the  presence  of  stagnant  water  in  a  soil  inflaenoe 
the  quality  of  the  produce  and  the  quantity  grown  P 

22.  How  is  the  fertility  of  a  soil  improved  by  its  possessing^ 

good  capillary  powers,  and  how  may  these  be  increased  ? 

23.  How  have  cultivated  plants — such  as  wheat  and  roet  crops 
— been  obtained,  and  what  measures  are  necessary  to  main- 
tain them  in  highly  productive  condition  P 

24.  How  does  milk  become  sour,  and  how  may  this  tendency  be 
checked  P 

25.  When  are  turnips,  swedes  and  mangolds  respectively,  in 
their  best  condition  for  use  as  food,  and  how  may  this  be 
explained  p 

26.  What  are  the  special  merits  of  the  practice  of  making 
ensilage  P 

27.  THiat  course  of  treatment  favours  the  production  of  fat  on 
the  animal  body  P 

28.  What  are  the  special  points  of  character  we  seek  to  establish 

in  pedigree  animals,  and  how  may  they  be  secured  P 

29.  How  does  change  of  soil  and  climate  influence  the  utility 
of  pedigree  seeds  P 

SO.  What  are  the  special  advantages  secured  by  spade-hus* 
bandryp 

31.  How  do  shelter  and  kindly  treatment  affect  the  character 
of  milkP 

32.  Describe  the  structure  of  an  egg^  and  the  changes  it  under- 

goes during  incubation. 

33.  How  is  the  quality  of  fruit  improved  by  bees  P 
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Honours  Examination. 

Instructions. 

Road  the  Qeneral  Instmcfcions  at  tlie  head  of  the  Elementary 
paper. 

Yea  are  not  to  attempt  more  than  sia  questions  in  this  paper. 

Each  question  admits  of  an  answer  carrying  an  equal  number 
of  marks. 


41.  Arrange  the  following  foods  for  live  stock  in  order  of 
merit,  and  in  so  doing  briefly  giye  your  reasons  for  the 
position  assigned  to  each: — Linseed  cake,  clover  hay, 
meadow  hay,  oat  straw,  barley  straw,  swedes,  turnips, 
barley-meal,  bean-meal,  undecorticated  cotton  cake,  decorti- 
cated cotton  cake,  bran. 

42.  Why  do  cattle  and  sheep  require  bulky  food,  while  horses 
and  especially  pigs  require  concentrated  foods  ?  Give 
examples  of  dietaries  suitable  for  each  of  these  classes  of 
live  stock. 

43.  Give  scientific  reasons  for  the  high  estimation  in  which  farm- 
yard manure  is  held  by  farmers. 

44.  Contrast  and  compare  grass,  hay,  and  silage  (sweet  and 
sour)  as  foods  for  cattle. 

45.  Mention  all  the  conditions  which  must  be  present  in  a  soil 

to  ensure  high  fertility. 

46.  Omitting  all  the  conditions  of  fertility,  you  are  next  to 
enumerate  all  the  indications  of  fertility,  or  of  barrenness, 
in  soils  which  you  Would  take  account  of  in  walking  over 
land. 

47.  Construct  rotations  of  crops  for  light  and  for  heavy  soils, 
carefully  selecting  orops  suitable  for  these  two  classes  of 
land. 

48.  Show  practically  your  knowledge  of  the  chemistry  of  ferti- 
lizers by  prescribing  suitable  mixtures  of  manures  (1)  for 
tamips ;  (2)  potatoes  :  (3)  clover ;  (4)  wheat.  In  all 
these  cases  the  soil  must  be  assumed  to  be  somewhat  poor 
in  the  constituents  most  needed  by  these  crops. 

49.  Enumerate  the  principal  sources  of  phosphoric  acid,  potash 
and  nitrogen  available  in  the  manufacture  or  the  supply  of 
artificial  manures. 

50.  Describe  the  nature,  causes,  and  appearance  of  the  following 
diseases  of  farm  crops : — (1)  ear  cockle  (Tylenchus  tritici)  ; 
(2)  ergot  (jcilanjMps purptirea)  :  (3)  smut  (UsHlago  earho)  ; 
(4)  mSdew  (puccinia  graminis). 
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SUBJECT  XXV.    HT6IENE. 

EiAJiiKBR,  Professob  W.  H.  CORFIBLD,  M.A.,  M.D.  (Oxow). 


General  Instructions. 
If  the  rales  are  not  attended  to,  the  paper  will  be  cancelled. 

Ton  may  take  the   Elementary,  or  the  Advanced,  or  tho 
Honours  Paper,  but  yon  mnst  confine  yonrself  to  one  of  them. 

Put  the  number  of  the  question  before  your  answer. 

You  are  to  confine  your  answers  strictly  to  tho  questions  pro- 
posed. 

Yonr  name  is  not  given  to  the  Examiner,  and  yon  are  for- 
bidden  to  write  to  him  about  your  answers. 

The  examination  in  this  subject  lasts  for  three  hours. 


First  Stage  or  Bleme&tary  Examination. 

Instructions. 

Yon  are  permitted  to  attempt  only  eight  questions. 
The  same  value  is  attached  to  each  question. 


1 .  Classify  the  food  substances  which  do  not  contain  nitrogen. 
How  are  they  disposed  of  in  the  system  ? 

2.  What  kinds  of  wells  are  there  ?  What  are  the  characters 
of  the  waters  yielded  by  them  P 

3.  Compare  and  contrast  tea  and  cocoa  as  beverages. 

4.  How  are  movements  of  the  air  in  rooms  produced  ?  How 
large  an  inlet  opening  for  air  is  required  for  each  person,  and 
why? 

5.  What  are  the  differences  between  air  in  towns  and  air  in 
the  country  ?    What  is  the  importance  of  these  differences  ? 

6.  What  animal  parasites  may  be  found  on  the  surface  of  the 
human  body  ?     How  may  they  be  got  rid  of  P 
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7.  How  flhonld  a  dust-bm  be  constructed  P  What  kinds  of 
refuse  should  be  put  into  it,  and  what  not  ?  How  is  it  likely  to 
become  a  nuisance  ? 

8.  At  what  periods  of  life  is  warm  clothing  most  necessary, 
and  why  ? 

9.  What  are  the  disadvantages  to  health  of  living  in  crowded 
courts  surrounded  by  higher  buildings  P 

10.  How  are  the  breezes  at  the  sea-side  produced,  and  what 
effect  have  they  on  the  healthiness  of  sea-side  places  P 

11.  Why  is  it  important  to  keep  the  skin  clean  P 

12.  How  would  you  treat  a  bad  scald  P 


J3ecpn4  Stage  or  Advanced  Examination. 

Instbuctioks. 

Bead  the  General  Instructions  at  the  head  of  the  Elementary 
paper. 

You  are  permitted  to  attempt  only  five  questions. 
The  same  value  is  attached  to  each  question. 


21.  What  are  the  most  common  adulterations  of  milk,  coffee, 
cocoa,  mustard,  and  beer,  and  what  is  the  importance  of  each  ? 

22.  How  may  drinking-water  be  contaminated  in  a  house  after 
delivery  p 

23.  How  is  the  amount  of  aqueous  vapour  in  the  air  deter- 
mined ?     How  is  it  expressed  ?     What  is  the  importance  of  it  P 

24.  What  is  meant  by  a  disconnecting  trap  P     What  are  its 
uses  P 

25.  What  are  the  best  known  chemical  methods  for  the  treat- 
ment of  sewage  ?     How  far  are  they  successful  P 

26.  What   are    the    advantages    and    disadvantages  of;  the 
different  ways  of  covering  the  walls  of  rooms  P 

27.  What  is  the  best  position  for  writing  P      What  are  the 
advantages  of  such  a  position  P 

28.  What  precautions  is  it  necessary  to  take  to  prevent  the 
spread  of  enteric  (typhoid)  fever  P 
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Honours  Xzamination. 

Instructions. 

Bead  the  General  Instractions  at  the  head  of  the  Elementary 
paper. 

Yea  are  permitted  to  oHem^  ovlj  four  questionii. 

The  same  yalne  ia  attached  to  each  question. 


41.  Under  what  circumstanoes  are  marsh  diseases  fonnd? 
What  are  their  characteristics  P  What  measures  of  prevention 
should  be  adopted  P 

42.  Describe  the  manufacture  of  coal  gas.  What  nuisances 
are  liable  to  be  produced  in  the  neighbourhood  of  gas-works  P 

43.  How  much  work  in  foot-tons  can  be  expected  from  a  diet 
consisting  of  cooked  beef  10  oz.,  bread  24  oz.,  butter  1  oz.,  and 
potatoes  20  oz.  P 

44.  What  are  the  chief  provisions  of  the  Public  Health 
(Water)  Act,  1878  P 

45.  What  is  the  rationale  of  vaccination?  Give  the  most 
important  statistics  of  the  results  produced  by  vaccination  and 
by  re- vaccination. 

46.  What  is  meant  by  a  life-table  P  How  is  it  constructed, 
What  are  the  effects  of  (1)  a  high  birth-rate,  and  (2)  emigration 
and  immigration,  on  the  death-rate  of  a  town  P 
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EXAMINATION    PAPERS 


FOR 


SCIENCE  SCHOOLS  AND  CLASSES. 

April,  May,  and  June,  1888. 


SUBJECT  I.    PRACTICAL  PLANE  AND  SOLID 
GEOMETRY. 

Examiner,  MAJOR  G.  S.  CLARKE,  C.M.G.,  R.E. 

Gbnbral  Instructions. 
If  the  roles  are  not  attended  to,  the  paper  will  be  cancelledL 

You  may  take  the  Elementaiy,  or  the  AdTanoed,  or  the  Honours 
paper,  but  you  muat  confine  yourself  to  one  of  them. 

All  figures  must  be  drawn  on  the  single  sheet  of  paper  supplied,  for 
no  second  sheet  will  be  allowed. 

The  constructions  may  be  left  in  pencil,  provided  they  are  distinct 
and  neat,  and  that  the  construction  lines  are  shown.  They  must  be 
strictly  geometrical  and  not  the  result  of  calculation  or  trial.  In  the 
absence  of  those  lines  which  are  essential  to  a  correct  solution  no  marks 
will  be  awarded,  however  correct  the  result  may  appear. 

Lines  parallel  or  perpendicular  to  others  may  be  drawn  mechanically 
without  showing  any  construction.    Lines  may  be  bisected  by  trial. 

A  single  accent  ()  signifies /e^^ ;  a  double  accent  ('')  inches. 

Put  the  number  of  the  question  before  your  answer. 

You  are  to  confine  your  answers  strictly  to  the  questions  proposed. 

Questions  marked  {^)  have  accompanying  diagrams. 

Your  name  is  not  given  to  the  Examiner,  and  you  are  forbidden  to 
write  to  him  about  your  answers. 

The  examination  in  this  subject  lasts  for  four  hours. 


rirst  stage  or  Elementary  Examination. 

Instructions. 
Read  the  General  Instructions  above. 


Only  eight  questions  are  to  be  attempted. 

A. 

Plane  Geometry. 

*L  Given  a  scale  of  yards.    Deduce  from  it  a  scale  of  feet  to  read  to 
r-O",  and  show  70'«0".  (8.) 

o    55078.        Wt.  7465.  ^   2 
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*2.  aa,  bb,  are  fpven  parallel  lines ;  /?  is  a  giren  point.    Throngli 
draw  a  line  cutting  the  given  lines  in  pcnnta  l{"  apart.  (8.) 

*d.  The  given  figure  represents  a  Maltese  cross.    Two  dimendons  ai 
an  angle  are  given.    Draw  the  cross  to  a  scale  of  Y'  =  1'*  (f\ 

(10.> 

Solid  Geometry. 

4.  A  point  1*5"  from  both  planes  of  projection  is  distant  3 '26"  firo  -^ ' 
another  point  2*25"  from  both  planes  of  projection.     Obtain  ' 


projections  of  the  two  points.  '  (10.) 

*/>.  The  given  isosceles  triangle,  abe,  is  the  plan  of  an  equili 
triangle,  whose  base  cA  isin  the  horizontal  plane.    Determine 
height  of  the  vertex  C  above  the  horizontal  plane.  (10.)' 

*6.  w,  hh,  are  the  traces  of  a  plane  parallel  to  the  ground  line ;  a  ii 
point  Oft  the  ground  line.  Determine  the  length  of  aperpendicu 
drawn  from  a  to  the  given  plane.  (10.) 

*7.  Draw  the  projections  of  a  horitontal  line  lying  in  the  given  pli 
and  1  '25''  above  the  horizontal  plane  of  projection.  (10.) 

*8.  Oa  is  the  horizontal  trace  of  a  plane  inclined  at  65^  to  the  h 
zontal  plane.    Ot  is  the  plan  of  the  intersection  of  this  plane 
a  second  plane  whose  horizontal  trace  is  Ob.    Determine  and ' 
down  the  inclination  of  the  second  plane  to  the  horizontal  plane. 

(12.) 

*9.  abed  is  a  four-sided  figure.  Draw  its  plan  when  bd  is  horizonl 
and  ac  inclined  at  62^  to  the  horizontal  plane.  (12.) 

10.  A  hexagonal  right  pyramid,  side  of  base  \k"»  height  3f  ,  stands 
the  horizontal  plane.     Draw  the  plan  and  make  a  section  by 
vertical  plane  the  horizontal  trace  of  which  is  a  line  through  o] 
angle  of  the  base  passing  )''  from  the  plan  of  the  vertex. 

(14.) 

*11.  abc  represents  the  plan  of  a  wedge-shaped  slice  cut  out  of 
cylindrical  cheese,  whose  height  is  equal  to  half  the  radius  ab.   D 
a  plan  of  the  slice  resting  with  one  of  its  rectangular  faces  on 
horizontal  plane,  and  construct  an  elevation  on  »  line  making 
with  the  short  sides  of  that  face.  (14.) 

*12.  The  letter  A  as  given  is  cut  out  of  material }''  thick,  and  stands 
on  the  horizontal  plane.  Draw  the  plan  and  make  an  elevation  on 
a  plane  parallel  to  a  diagonal  of  the  rectangle  at  the  top.       (14.) 

*ld.  Make  a  sectional  elevation  of  the  letter  A  (Q.  12)  on  a  line  passing 
through  the  plan  of  the  point  b\  and  making  35^  with  the  plan  of 
the  line  bV.  (14.) 

Chaphic  ArUhmetie, 

*14.  The  given  line  x  represents   the  sum  of  the  two  lines  a  andfr 

divided  bye  fin  other  words  x  =  — ^—j»  Determine  and  write 
down  the  length  of  the  unit.  (10.) 

15.  Draw  a  curve  which  will  give  the  squares  of  all  quantities  from  0 
to  6,  taking  i''  as  the  unit.  (12.) 
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I. — ^PRACTICAL  PLANE  AND  SOUD  G£OM£TBr. 

Second  Stage  or  Adyanced  Examination* 

Instructions. 

Read  the  General  Instructions  at  the  head  of  the  Elementary  paper. 
Only  iiffht  questions  are  to  be  attempted. 


B. 

Plane  Oeometry, 

^21.  Divide  the  given  line  A  into  two  parts,  such  that  the  sum  of  the 
squares  upon  them  shall  be  equal  to  the  square  on  the  given  line  B. 
State  what  limitations  are  necessary  as  to  the  length  of  B  in  order 
that  the  problem  may  be  possible.  (16.) 

^22.  IVo  bars  Oia,  O^b,  are  pivoted  at  Oi  and  Os  respectively.  At  i 
they  pass  through  a  saddle  which  can  travel  along  Oia  at  fths  the 
speea  at  which  it  can  move  along  O2&.  Trace  the  locus  of  t. 
What  is  this  curv6  P  (20.) 

23.  Describe  a  circle  4^"  in  diameter.  Suppose  this  circle  to  be  given 
to  you  on  the  paper,  and  that  you  have  only  a  pencil  and  a  ruler 
with  two  parallel  edges  U'' apart;  show  how  the  centre  of  the 
circle  can  be  obtained.  (16.) 

Solid  Oeometry. 

*24.  Given  two  parallel  lines,  a'ft',  oft;  c^df^ed;  determine  their  distance 
apart.  (18.) 

^25.  a  IB  the  plan  of  a  point  lying  in  the  given  plane  v/,  ht.  Through  a 
draw  a  line  in  tne  given  plane  vt,  ht,  parallel  to  the  given 
plane  bOc.  (18.) 

*26.  Determine  the  intersection  of  the  three  given  planes  A,  B,  and 
cOd.    (Unit  0-1".)  (20.) 

*27.  00  is  a  portion  of  the  base  of  a  right  cone  standing  on  the  hori- 
sontal  phuie ;  vsi  is  the  vertex.  The  portion  abed  on  plan  is  to  be 
covered  with  paper.  Determine  the  shape  to  which  the  paper  must 
be  cut.    (Unit  0-1".)  (22.) 

28.  Given  a  point  l'2S''from  the  horizontal  plane,  and  T' from  the 
vertical  plane,  obtain  the  projections  of  a  line  4 '25"  long  parsing 
through  the  ^ven  point,  and  terminated  by  the  planes  of  projection. 
VHiat  conditions  as  to  the  length  of  the  line  would  render  the 
problem  impossible  P  (23.) 

*29.  a'V&d't  ad,  are  the  projections  of  a  rectangnlar  notice  board 
supported  by  a  vertical  post  e/".  llie  board  is  blown  over,  in  the 
direction  shown  by  the  arrow,  till  the  post  is  inclined  at  an  angle 
of  4(P  to  the  horizontal  plane.    Draw  tne  plan  of  the  notice  board. 

(28.) 
30.  Two  spheres,  diameters  2*25'^  and  V\  rest  on  the  horizontal  plane 
touching  each  other.    Draw  the  plan  of  the  complete  locus  of  the 
centre  of  a  sphere  of  1  *4''  diameter,  touching  both  spheres. 

(24.) 
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*31.  The  figured  plan  of  an  irregular  triangular  pyramid  is  given.  A 
vertical  cvlinarical  hole  is  ^red  through  the  pyramid  as  shown  in 
p  an.    Make  an  elevation  of  the  pyramid  on  a  fine  parallel  to  AB. 

(30.) 

"^32.  A  spherical  segment  rests  on  the  top  of  a  truncated  hexagonal 
pyramid.  The  elevation  and  plan  of  the  base  are  given.  Draw  the 
figure  twice  the  given  size,  and  determine  the  portion  of  the  solid 
in  shadow  as  seen  in  elevation.  The  direction  of  the  parallel  rays 
of  light  is  indicated.  (28.) 

*d3.  Draw  the  given  figure  (Q.  32)  twice  the  given  size,  and  make  a 
sectional  elevation  of  the  solid  on  AB.  (26.) 


Graphic  Statics. 

*34.  Determine  the  line  of  action,  and  write  down  the  magnitude  of  the 
resultant  of  the  five  given  parallel  forces  acting  in  one  plane  in  the 
direction  shown  by  the  arrows.  (18.) 

^35.  Obtain  by  construction  a  line  representing  the  moment  of  the 
resultant  of  the  two  given  forces  P,  Q,  about  the  point  O,  using  a 
sode  of  i"  =  I  lb.,  and  linear  scale  full  sixe.  (18.) 


Honours  Bxaminatioii, 


Instbuctions.         4 

Read  the  General  Instructions  at  the  head  of  the  Elementary  papor. 
Only  eight  questions  are  to  be  attempted. 


C. 

Plane  Geometry, 

41.  Divide  an  ellipse  whose  axes  are  i"  and  2i"  into  three  parts 
equal  in  area  and  perimeter.  (40.) 

*42.  a  and  O  are  given  points ;  fte  is*  a  given  straifcht  line;  Draw 
from  O  a  line  Od,  wnich  shall  meet  6c  in  a  pomt  t,  such  that 
the  angles  aio,  cid,  are  equal.  (36.) 

*43.  Given  two  lines  and  a  point  p.    Draw  through  p  a  line  cutting 
-    the  given  lines  in  such  a  way  that  the   intercepted    portion    is 
W*    (A  curve  may  be  employed  in  the  solution.)  (35.) 

Solid  Geometry. 

•44.  The  three  given  ptoses  fw>  hh,  v^oih^i  vjoA,  togetJier  with  the 
planes  of  projection,  enclose  a  solid.  Draw  the  plan  of  this  solid 
when  the  nee  contained  in  the  plane  viOi^i  is  horizontal.       (45.) 
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♦45.  Detennine  the  projections  of  a  sphere  (radius  f")  touching  the 
given  plane  mon,  and  also  the  two  given  lines  dfb',  ah  ;  c'^f,  cd, 

(400 
The  mainmast  of  a  steamer  running  at  a  speed  of  6  miles  per 
hour^  is  55''0"  high.  The  steamer  is  rolling  30°  on  each  side  of 
the  vertical^  and  at  the  same  time  pitching  20°  on  each  side  of 
the  vertical.  The  period  of  both  roll  and  pitch  is  10  seconds,  and 
the  motion  takes  place  about  the  foot  of  the  mast.  Trace  the 
plan  of  the  locus  of  the  top  of  the  mast,  starting  from  the  vertical 
position.    (Scale  1"  =  20^0".)  (60.) 

*47.  db  is  a  line  drawn  on  the  floor  of  a  railway  truck  moving  at  a 
speed  of  5  miles  per  hour  in  the  direction  indicated  by  the  airow. 
A  wheel  whose  diameter  is  14^  (f*  is  rolled  across  from  a  to  d  and 
back  in  6  seconds.  Trace  the  plan  of  the  locus  of  a  point  on  the 
circumference  of  the  wheel,  and  make  an  elevation  of  this  locus  on 
a  plane  parallel  to  the  direction  of  motion  of  the  truck.  Scale 
r  =  V  0".)  (45.) 

♦48.  Draw  the  plan  of  a  right  cone,  diameter  of  base  3",  height  3  *b'\ 
touching  the  given  planes  A  and  B,  and  so  placed  as  to  be  above 
the  plane  A,  and  below  the  plane  B.    (Unit  0'  1".)  (55.) 

49.  Make  an  isometric  projection  of  an  octohedron  of  3 '75''  edge, 
resting  with  one  ficice  on  tne  horizontal  plane.  (N.B.  An  isomemc 
scale  need  not  be  used.)  (40.) 

*50.  A  truncated  hexagonal  pvramid,  height  1*5'^,  rests  on  a  square 
block,  height  0*5''.  The  phms  of  both  solids  are  given.  Detennine 
the  shadow  cast  upon  the  horizontal  plane,  and  a  vertical  plane 
standinff  on  vy.  lite  source  of  light  is  a  point  whose  plan  is  s,  and 
height  above  the  horizontal  plane  V25".  (55.) 

*51.  A  twisted  surface  is  traced  by  a  horizontal  line  meeting  the  given 
lines  ah,  cd;  efgia  the  horizontal  trace  of  a  conical  surfEice  whose 
vertex  is  v.  Draw  the  plan  of  the  intersection  of  the  two  surfaces, 
and  also  an  elevation  on  xy,    (Unit  0*1".)  (50.) 

*52.  A  portion  of  ground  contoured  at  5'  0"  levels  is  given.  A  plane 
suiface  abcdhBB  to  be  formed  partly  in  cutting  and  partly  in 
embankment.  The  side  slopes  are  45°  in  cutting  and  in  embank- 
ment. Draw  the  contours  of  the  completed  earthwork.  (Scale 
1"  =  20'  0".)  (45.) 

*53.  The  elevation  and  the  plan  at  AB  of  a  symmetrical  tower  are  given. 
Make  a  perspective  view  of  the  tower,  taking  anf  as  the  ^ound  line 
of  the  picture  plane,  and  s  as  the  plan  of  the  station  point  which  is 
on  a  level  with  ah,  (55.) 

Graphic  Statics. 

*54.  A  horizontal  beam  ab  is  so  loaded  that  the  vertical  ordinates  of 
the  figure  above  it  represent  the  intensity  of  the  load  at  any  point. 
Determine  the  point  about  which  the  beam  will  balance.        (40.) 

*55.  aft  is  a  rigid  rod,  ac  a  tie.  At  what  point  along  ab  must  a  weight 
of  50  lbs.  De  suspended  in  order  to  produce  a  tension  of  29  lbs.  in 
acl  (40.) 
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SUBJECT  n.  MACHINE  CONSTRUCTION  AND 
DRAWING. 

Exam iNBBs,  P&or.  T.  A.  HEARSON.  M.  Inst.  C.E.,  and 
J.  HARRISON,  £sa.«  M.  Inst.  M.E.,  Assoc.  M.  Inst.  C.E. 


General  Instructions. 

If  the  rales  are  not  attended  to,  the  paper  will  be  caaoelled. 

Tou  may  take  the  Elementary,  or  the  Advanced,  or  the  Honours 
paper,  but  you  must  confine  yourself  to  one  of  them. 

Put  the  number  of  the  question  before  your  answer. 

Tou  aie  expected  to  prove  your  knowledge  of  machinery,  as  well  as 
your  power  of  drawing  neatly  to  scale.  You  are  therefore  to  supply 
details  omitted  in  the  sketches,  to  fill  in  parts  left  incomplete,  ana  to 
indicate,  by  diagonsl  lines,  psrts  cut  by  planes  of  section. 

No  credit  will  be  given  unless  some  knowledge  of  projection  is  shown, 
so  that  at  least  two  views  of  one  of  the  examples  wiU  be  reouired 
properly  projected  one  from  the  other.  The  centre  lines  should  be 
dearly  drawn.    The  figured  dimensions  need  not  be  inserted.' 

Your  answers  should  be  clearly  and  cleanly  drawn  in  pencil.    No  I 
extra  msrks  will  be  allowed  for  inking  in. 

All  figures  must  be  drawn  on  the  single  sheet  of  psper  supplied,  for  | 
no  second  sheet  will  be  allowed. 

The  value  attached  to  each  question  is  shown  in  brackets  after  the 
question.  A  full  and  correct  answer  to  an  easy  question  will  secure 
a  lai^er  number  of  marks'  than  an  incomplete  or  inexact  answer  to  a 
more  difficult  one. 

Your  name  is  not  given  to  the  Examiners,  and  you  are  forbidden  to 
write  to  them  about  your  answers. 

You  are  to  confine  your  answers  strictly  to  the  questions  proposed. 

A  single  accent  (')  signifies /eef ;  a  double  accent  ('0  Mcile«. 

ne  examinatum  in  this  subject  lasts  for  four  hours. 


Nl 


TIrat  Stage  or  Elementary  Examiiiatioii. 

Instructions* 

Read  the  General  Instructions  above. 

Answer  briefly  any  three,  but  not  more  than  three,  of  the  following 
questions,  and  draw  two,  but  not  more  than  two,  of  the  examples. 
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Questions, 

(«.)  Give  sketches  showing  how  the  separate  lengths  of  a  line  of 
shafting  may  be  connected  together.  (8.) 

(6.)  What  is  the  object  of  using  chipping  or  facing  strips  in  fitting  up 
xnachine  parts  P    Give  one  or  two  examples.  (8.) 

(e.)  Give  sketches  showing  how  you  would  grip  and  drive  a  round  iron 
bar  for  the  purpose  of  turning  it  between  the  centres  of  a  lathe. 
"^^  (10.) 

(d.)  Explain  the  action  of  the  governor  shown  in  Example  1.        (10.) 

{€,)  Describe  in  detail  how  the  mud-hole  door  in  Example  2  is  removed 
for  the  purpose  of  cleaning  the  boiler,  and  how  it  is  replaced  and 
the  joint  made  steam-tight.  (10.) 

(/.)  Describe  how  the  parts  of  the  spur  wheel  in  Example  3  are  put 
together,  and  explain  why  the  wheel  is  made  in  segments.     (10.; 

Examples  to  be  Drawn. 

Diagram  D. 

1.  Loaded  governor  for  small  gas  ent^e.    Draw  and  complete  the 
two  views,  partly  in  section  as  shown.    Scale  full  size.  (35.) 

2.  Mud-hole  mouth-piece  for  Lancashire  boiler.  Draw  and  complete 
the  two  views  shown.     Scale  fths.  (3o.)  ^ 

3.  Point  for  segments  of  large  spur  wheel.  Draw  and  complete  the 
views  shown.    Scale  Aths. 

Note. — As  the  raaius  of  the  wheel  is  too  large  for  your  instru- 
ments, the  circumference  at  the  joint  may  be  set  out  straight,  as  in 
a  rack.      "  (36.) 


Second  Stage  or  Adranced  Ezaminatton. 

IK8TBUCTION8. 

Read  the  General  Instructions  on  p.  8. 

Answer  briefly  any  three,  but  not  more  than  three,  of  the  following 
questions,  and  draw  the  example  given. 


Questions. 

(ff,)  Show  by  sketches  the  construction  of  a  hydraulic  piston  suitable 
for  high  pressures.  (20.) 

(*.)  Give  two  views  of  a  tooth  of  a  mortiee  spur  wheel,  showing  how  it 
is  fitted  into  the  nm  of  the  wheel  and  neld  in  position.  Under 
what  circumstances  would  you  use  mortice  wheels  P  (15.) 

(Jfc.)  Show  bow  the  cylindrical  shell  of  a  Lancashire  or  Cornish  boiler  is 
connected  to  the  flat  end  plates.  (20.) 
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(/.)  Wbat  are  the  special  properties  possessed  hj  brass  whicli  make  it 
of  value  in  machine  construction  ?  Illustrate  your  answer  by  two 
or  three  examples.  (15.) 

(m.)  Explain  why  an  eccentric  sheave  is  frequently  mare  in  two  jiarta. 
Give  sketches  showing  how  the  two  parts  are  secure  J  together,  and 
how  the  sheave  is  fixed  to  the  shaft.  (15.) 

(fi.)  Sketch  an  arrangement  for  screwing  up  simultanec^sly  the  several 
nuts  of  the  gland  of  a  large  stuffing  box.  (20.) 

Example  to  be  Drawn, 
Diagram  £. 

Wall  fixing  for  vertical  and  horizontal  shafts.  Draw  and  complete 
the  two  views  shown.  Also  give  a  sectional  elevation  on  AB^  looking 
in  the  direction  of  the  wall.  ••  '-••ijiPtSii 

The  bevel  wheels  mav  be  drawn  in  section;  do  not  project  the 
teeth.  If  time  permit,  draw  the  pedestal  and  details  of  tne  footstep 
bearing.    Scale  H  inches  to  the  foot.  (HO.) 


Honours  Ssuunlnatioiu 

Instructions. 
Read  the  General  Instructions  on  p.  8. 

You  are  permitted  to  answer  only  eiffht  of  the  following  questions. 

The  sketches  required  in  answer  to  these  questions  may  be  in  pendl, 
and  need  not  be  drawn  to  scale,  but  should  be  neat  and  in  good 
proportion.  The  written  answers  must  be  in  ink,  and  may  be  written 
on  foolscap  paper,  which  can  be  obtained  on  application  to  the  super- 
intendents of  the  examination.  Each  sketcn  should  be  made  in 
immediate  connexion  with  the  answer  to  which  it  refers. 


41.  Give  full  details  of  the  construction  of  a  large  copper  steam  pipe. 
Estimate  the  required  thickness  of  a  copper  pipe  IQf'  diameter  for 
a  working  pressure  of  150  lbs.  per  square  mch.  (20.) 

42.  Describe  fully,  and  illustrate  with  sketches,  the  preparation  of  a 
mould  for  casting  a  large  cylinder  for  a  steam  engine.  (25.) 

43.  Describe,  and  give  sketches  showing,  the  process  and  special  tools 
employed  in  boring  a  cylinder  of  large  diameter.  Estimate  i^e 
time  required  to  bore,  (including  the  finishing  cut,)  a  cylinder  5' 
diameter  and  5'  long.  (25.) 

44.  Give  sketches  showing  the  construction  of  a  bogie,  and  how  it  is 
connected  to  the  frame  of  a  locomotive  engine.  Explain  the  use 
of  a  bogie.  (20.) 

45.  A  pair  of  wheels  of  a  railway  waggon  is  required  to  canv  six 
tons,  the  distribution  of  which  may  be  four  on  one  wheel  and  two 
on  the  other.  The  centres  of  the  axle  boxes  are  6'  2Y'  apart,  and 
the  gauge  of  the  rails  is  4^  Si".  Allowing  a  working  stress  of  five 
tons  per  square  inch,  determine  the  required  diameter  of  axle, 
1st,  at  the  wheel  seat ;  2nd,  at  the  centre  of  length.  (25.) 
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46.  With  the  aid  of  sketches  descrihe  the  hauling  gear  for  the  cage  of 
a  mine,  showing  how  overwinding  is  avoided,  and  descent  of  cage 
preyented  in  the  event  of  failure  of  rope.  (20.) 

47.  (Hve  sketches  and  a  description  of  a  hydranlio  lift;,  showing  an 
arrangement  by  which  the  diameter  of  the  lift  ram  may  he  made 
independent  of  the  available  water  pressure,  and  also  how  the 
weignt  of  cage  and  ram  may  be  balanced  by  hydraulic  pressure. 

(26.) 

48.  Quote  a  formula  for  the  hoop  tension  in  a  thick  hollow  cylinder 
subjected  to  an  internal  fluid  pressure.  The  external  diameter  of 
a  hydraulic  press  cylinder  is  12^^,  and  the  thickness  is  2^'.  Deter- 
mine the  hoop  "tension  at  the  internal  and  external  sui&ces,  when 
the  internal  pressure  is  two  toes  per  square  inch.  (25.) 

49.  Give  sketclies  and  describe  the  construction  of  a  sight  feed  lubri- 
cator for  supplying  the  piston  and  valves  of  a  steam  engine  with 
oil.    Describe  now  it  is  used,  and  explain  its  advantages.      (20.) 

50.  Describe  and  illustrate  with  sketches  the  construction  of  the  thrust 
bearinff  of  a  screw  propeller  shaft,  showing  how  it  is  rigidly 
secured  to  the  ship,  and  how  provision  is  made  for  adjusting  its 
position,  and  for  keeping  it  oooL  (20.) 

51.  Obtain  the  expression — 

9=0'4k^^d,  (very  approximately,) 

for  the  diameter  of  the  bolts  for  a  cylinder  cover : 
where   8  =  diameter  of  bolts, 

A8  =  circumferential  pitch  of  bolts, 
p  =  maximum  intensity  of  pressure  in  cylinder^ 
/  =  stress  allowed  on  material  of  bolt, 
cf  =  internal  diameter  of  cylinder, 
'd!  =  diameter  of  bolt  circle. 
Give  some  information  as  to  the  values  of  k  and  /  which  are 
suitable  under  different  circumstances.  (25.) 

52.  A  long  steel  tie  bar,  or  stringer,  of  section  8^'  by  V,  is  constructed 
in  lengths  which  are  riveted  together.  Design  a  suitable  joint, 
and  estimate  its  efficiency.  (25.) 

53.  In  the  construction  of  a  boiler  a  semi-cylindrical  top  and  bottom 
are  joined  by  flat  sides,  which  are  supported  by  two  rows  of 
horizontal  stays,  extending  across  the  boiler,  as  shown  in  Fig.  1. 
Determine  the  vertical  pitch  p  of  the  stays,  in  terms  of  I,  the  height 
of  the  flat  sides,  for  least  bending  moment  on  the  flat  plates. 

(25.) 


Rg.l. 
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54.  A  crane  is  oonstnicted  as  shown  in  Fig.  2.  Draw  the  reciprocal 
stress  diagram  for  determining  the  stresses  on  the  jib,  stays^  and 
crane  post,  and  the  thrusts  on  platform,  and  footstep  bearing. 

(25.) 


FOOTSTEP 


Fig.  2. 


55.  Obtain  a  formula  for  the  total  stress  at  any  point  of  the  transvene 
section  of  a  piece  which  is  subjected  to  a  bending  moment,  in 
addition  to  a  longitudinal  thrust  or  pull. 

A  piece  of  T-iron  consists  of  a  web  At'  deep  and  V  thick,  and  a 
flange  ^'  wide  and  V  thick.  It  is  subjected  to  a  longitudinal 
pull,  the  line  of  action  of  which  passes  throufj^h  the  centre  of  depth 
of  web.  Determine  in  what  ratio  the  piece  is  weaker  than  if  the 
line  of  action  of  the  load  passed  through  the  centre  of  area  of  the 
T  section.  (25.) 

56.  State  what  effect  the  existence  of  lateral  stresses  is  supposed  to 
have  on  the  capability  of  material  to  sustain  a  longitudmal  stress 
with  only  elastic  deformation.  A  thin  spherical  and  a  thin 
cylindrical  shell,  each  of  the  same  diameter,  are  constructed  of 
steel,  the  ends  of  the  cylinder  being  completely  stayed  by  longi- 
tudinal stays :  compare  the  internal  pressures  which  they  will  each 
—^'-'  (25.) 
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SUBJECT  II. 


MACHINE  CONSTHUCTION  AND 
DRAWING. 


Honours  Esuunlnatioii. — ^Work  to  be  done  at  Home* 

Inbtbuctions. 

This  paper  is  to  be  worked  by  the  Candidate  at  home.  The  dratoings, 
4*0.  are  to  be  sent  by  post  to  the  Secretary,  Department  of  Science  and  Art, 
London,  S.W,,  on  or  before  the  23rd  of  June,  The  postage  need  not  be 
prepaid.  The  drawings  should  be  as  fully  detailed  as  possible,  and  carefully 
dimensioned.  Some  maris  wUl  be  allowed  for  inking-in  and  colouring,  but 
more  credit  will  be  attached  to  good  proportion  and  fulness  of  detail. 


The  subject  for  design  is  a  set  of  sheer  legs  capable  ofliftiDg  a  weight 
of  100  tons  into  a  vessel  from  the  shore. 

The  lengths  of  the  three  legs,  and  the  distance  apart  of  the  feet 
of  the  two  forelegs,  are  shown  in  the  following  figure.  The  back 
leg  is  to  be  provided  with  a  travelling  foot,  having  a  traverse  of  40^. 

e  maximum  overhang  required  is  40 . 


s, 


(a.)  Draw  a  stress  diagram,  and  determine  the  greatest  tension  and 
thnist  on  the  members  of  the  structure. 
(6.)  Design  and  draw  the  upper  joint  of  the  three  legs, 
(c.)  Design  and  draw  the  lower  joint  of  one  of  the  forelegs. 
{d.)  Design  and  draw  the  travelling  foot  and  guides. 
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(e.)  Give  a  section  imd  elevation  showing  the  constniotion  of  each  of 
the  legs  at  about  the  centre  of  length. 

{f)  The  weight  of  100  tons  is  to  be  lifted  by  means  of  two  pain  of 
puUey  blocks,  with  two  wire  ropes.  Design  and  draw  one  of  the 
blocks. 

{g.)  Give  particulars  of  the  engine  required  for  traversing  the  back 
leg. 

(A.)  Estimate  the  effleiene^of  the  hoisting  tackle,  and  give  particulars 
of  the  gear  and  engines  required  for  lifting. 

Otoe  aU  the  ealeulaHon$  wMek  you  make. 


7%e  foUomng  wmehit  mu$t  be  tufned  and  returned  unik  ike  worked 
dramnge  ;— 

I. 

hereby  certify  on  my  honour  that  the  drawings  sent  in  by  me,  for  the 
Honours  Examination  in  Kfachine  Construction  and  Drawing,  have  been 
wholly  done  by  me,  and  without  assistance  from  any  person. 


(Signed) 


No. 


The  above  number  must  be  quoted  on  each  separate  sheet  of  dnwings 
worked  by  you. 


SUBJECT  IIL    BDILDINa  CONSTRUCTION. 

EsAMiNBR,  COLONEL  SEDDON,  R.E.  (Ret). 

General  Instructions. 
If  the  rules  aje  not  attended  to,  the  paper  will  be  caneelled> 

You  may  take  the  Elementary,  or  the  Advanced,  or  the  Honours 
paper,  but  you  must  confine  yourself  to  one  of  them. 

Your  name  is  not  given  to  the  Examiner,  and  you  are  forbidden  to 
write  to  him  about  your  answers. 

All  figures  must  be  drawn  on  the  single  ^heet  of  paper  supplied, 
for  no  second  sheet  will  be  allowed. 

All  drawings  must  show  a  correct  knowledge  of  construction.  Neat 
and  accurate  drawing  to  scale  is  required.  Where  only  sketches  are 
asked  for  the  proportions  must  be  approximately  correct,  tnough  extreme 
accuracy,  as  in  diawinffs  to  scale,  is  not  necessary.  The  drawings  may 
be  left  m  pencil,  provided  they  are  distinct  and  neat.  No  extra  marks 
will  be  allowed  for  inking  in. 

You  are  to  confine  your  answers  strictly  to  the  questions  proposed. 
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Put  the  number  of  the  question  before  your  answer. 

Answers  in  writing  must  be  as  short  and  clearly  stated  as  possible^ 
and  dose  to  any  figures  to  which  they  may  refer. 

Tlie  value  attached  to  each  question  is  shown  in  brackets  after  the 
question.  But  a  full  and  correct  answer  to  an  easy  question  will  in  all 
cases  secure  a  larger  number  of  marks  than  an  incomplete  or  inexact 
answer  to  a  more  difficult  one. 

A  Bingle  accent  (')  signifies /eef;  a  double  accent  {")  inches. 

Questions  marked  (*)  have  accompanying  diagrams. 

The  Examination  in  this  subject  lasts  for  four  hours. 


Fint  Stage  or  Slementary  Sxaminatioii. 

iNSTBUCTIONfl. 

You  are  only  permitted  to  attempt  seven  questions. 


*1.  Cross  section  of  a  stone  to  be  formed  into  a  window  silL 

Draw,  to  a  scale  of  i,  the  finished  cross  section,  at  the 
centre,  showing  it  weathered,  throated,  and  grooved  for  a  metal 
tongue.  (11.) 

*2.  Cross  section  of  six  courses  of  a  2}  brick  wall  built  in  English 
bond. 

Draw,  to  a  scale  of  an  inch  to  a  foot,  making  any  alteration  you 
may  think  necessaiy .  (11.) 

*d.  A  and  B  are  sections  through  a  wooden  floor  girder  and  a  bridging 
joist. 

Draw,  to  a  scale  of  \,  two  cross  sections  of  the  girder,  showing 
the  joist  notched  to  it  in  the  one  case,  and  cogged  to  it  in  the 
other. 

The  cogged  joint  t-o  be  marked  C,  and  the  notched  joint 
N.  (ll.) 

*4.  A  is  the  section  of  a  stone  string  course.  B  is  a  pait  cross  section 
of  a  coursed  rubble  wall  built  of  a  thin  bedded  stone  occurring  in 
layers  of  from  4"  to  8"  thick. 

Draw  B  to  a  scale  of  ly'  to  a  foot,  showing  the  stones,  and 
inserting  the  string  course  at  a.  (11.) 

5.  Explain  by  sketches  the  following  terms  :— 
Return  or  staff  bead. 
Rebated  and  beaded  boards  for  partition. 
Shouldered  or  tusk  tenon.  (11.) 

*6.  Elevation  of  a  9-inch  arch  ring,  over  an  opening  in  a  brick 
wall  built  in  Flemish  bond.     Span  of  arch  6',  and  rise  12^^ 

Draw,  to  a  scale  of  i"  to  a  foot,  showing  four  courses  of 
the  arch  bricks  at  A,  and  four  courses  of  the  wall  bricks 
atB. 
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*7.  Drawing  of  a  stone  template  to  cany  the  end  of  a  caBt>iroB 
girder  10"  deep,  with  flanges  IJ"  X  8"  and  T  x  3". 

Draw  the  girder,  |rd  full  size,  in  cross  section,  showing  the 
template  in  elevation.  (12.) 

8.  Draw,  to  a  scale  of  ^,  line  diagrams  showing  the  difiEerenoe 
between  a  wooden  king  post  and  queen  post  roof  truss ;  one  for  a 
span  of  36\  and  the  other  for  a  24^  span. 
Write  their  names  against  the  different  members.  (13.) 

*9.  Section  through  a  portion  of  a  slate  roof  divided  by  a  party 
waU. 

Draw  to  a  scale  of  -f^,  showing  the  slates,  with  two  different 
methods  of  using  lead  to  form  a  water-tight  joint  between  them  and 
the  wall. 

The  thickness  of  the  slates  should  be  exaggerated,  and  the  section 
should  pass  throfugha  lap.  (13.) 

*10.  A  is  a  plan  of  a  roofing  slate. 

By  wnat  name  is  this  sized  slate  known  7 

B  is  a  plan  of  the  ends  of  6  conmion  rafters  at  the  eaves 
of  a  roof. 

Draw  B,  to  a  scale  of  i"  to  a  foot,  adding  9'^  slate  board* 
ing,  a  tilting  fillet,  and  slates,  as  A,  laid  to  a  4"  lap. 

Put  5  slates  in  width  in  the  doubling  eaves  course,  and  one  less 
in  each  of  the  4  following  courses. 

The  nail  holes  where  exposed  to  show  centre  nailing.         (13.) 

11.  Draw,  to  a  scale  of  -^i  a  vertical  cross  section  through  the  joint 
between  the  kingpost  and  the  tiebeam,  the  latter  being  IT'  x  6", 
in  a  timber  roof  truss. 

Show  the  full  details  of  the  stirrup  iron,  &c.,  before  tightening 
up.  (14.) 

*12.  Planof  part  of  a  stone  stair. 

Draw,  to  a  scale  of  }^'  to  a  foot,  a  section  through  A— A,  showing 
square  steps  with  rebated  joints,  a  6"  rise  and  moulded  nosings. 
Also  a  section  through  B^B.  (15.) 

*13.  Flan  of  part  of  a  first-floor  room  in  a  dweUin^-house,  the  boards 
being  carried  on  common  joiste  10^'  X  2i",  trimming  joists  and 
trimmers  10"  x  3". 

Give,  to  a  scale  of  i"  to  a  foot,  a  vertical  section  through  A — A, 
showing  a  brick  trimmer  arch  and  a  lath  and  plaster  ceiling  below. 

(16.) 

14.  Give,  to  a  scale  of  |,  a  horizontal  section  through  one  jamb  of  an 
entrance  doorway  to  a  dwelling  house,  the  outer  walls  being  18^' 
brickwork  with  chamfered  stone  quoins  to  openings. 

The  following  to  be  shown : — 
Inner  fsoe  of  w^  plastered  flush  with  door  frame. 
Single  architrave  to  door  frame. 
Hanging  style  of  door  6"  X  2^", 
Panel  (part  only)  bead  flush  and  moulded  at  back.  (16.) 
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Second  Stage  or  Adyanced  Examination. 

Instructions. 

Read  the  General  Instructions  at  the  head  of  the  Elementary  paper. 
You  are  only  permitted  to  attempt  six  questions. 


21.  Explain  the  meaning  of  "hydraulic  lime/'  and  hoixr  you  would 
practically  test  a  specimen  of  limestone  in  order  to  aseertain  whether 
it  would  produce  an  hydraulic  lime.  (12.) 

22,  Describe  the  difiPerence  in  both  the  behaviour  and  appearance  of 
EJimilar  bars  of  cast  and  wrought  iron — 

(a.)  When  broken  under  a  tensile  stress  suddenly  applied. 
(b.)  When  broken  under  a  slowly  applied  tensile  stress.     (12.) 

*23.  Plans  of  two  successive  courses  at  the  end  of  a  brick  wall  built  in 
Eiuilish  bond. 

Draw,  to  a  scale  of  f  to  a  foot^  showing  the  use  of  diagonal 
bond  in  both  courses^  to  strengthen  the  wall.  (12.) 

*24.  Elevation  of  a  beam  loaded  with  15  tons  at  a  point  out  of  the 
centre. 
What  proportion  of  the  weight  is  borne  at  each  of  the  two  sup- 
ports. A,  B? 
Wnat  portion  of  the  beam  is  in  tension,  and  which  in  compres- 
sion? (14.) 

*25.  Line  diagram  of  a  girder  constructed  for  a  uniform  load,  as 
shown. 

Draw  to  twice  the  size,  showing  the  members  in  tension  by 
single,  those  in  compression  by  double,  and  those  under  compres- 
sion and  bending  stress  bvtnple  lines;  the  stresses  due  to  their 
own  weight  to  be  neglected. 

Draw  a  similar  diagram,  supposing  the  same  load  to  be  along  the 
bottom  instead  of  the  top  of  the  girder,  omitting  any  bars  you 
consider  superfluous,  and  making  any  other  alterations  you  think 
necessary.  (14.) 

*26.  Section  of  part  of  a  single  floor  with  common  joists  9"  x  2^^ 

Draw,  to  a  scale  of  ^,  a  sectional  elevation  throush  AA,  showing 
the  five  floor  battens,  and  four  ordinary  methods  of  forming  a  tight 
joint  between  them.  (14?) 

27.  Draw,  to  a  scale  of  H^'  to  a  foot,  a  cross  section  of  a  double  faced 
moulded  skirtinff,  \5"  high,  tongued  to  floor,  and  secured  to  wood 
grounds  plugged  to  a  brick  wall.  (16.) 

*28.  line  diagram  of  part  of  an  iron  roof  truss  for  a  38  feet  span,  the 
rise  being  ^  the  span,  and  the  camber  of  tie  rod  ^  the  span. 

Draw  a  line  diagram  of  the  complete  truss,  to  a  scale  of  ^. 

Give  an  elevation  of  the  joint'  at  A,  }  full  size,  with  any  details 
reouired  to  fully  explain  its  construction,  aa  being  angle  irons 
2¥'  X  2^'  X  f  " ;  and  hb  (not  continuous),  as  well  as  c,  to  be  of 
li"  round  iron.  (16.) 

o    55078.  B 
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*29.  Plan  of  part  of  the  top  of  a  wall  at  the  angle  of  a  building,  show- 
inffthe  wallplates  to  cany  a  hipped  roof. 

Draw,  to  a  scale  of  f "  to  a  f  oot»  adding  an  angle  tie  and  dn^n 
beam.  Give  a  vertical  section  through  the  dragon  beam,  ahowmg 
its  connexion  with  the  angle  tie  and  the  foot  of  the  hip  rafter. 

(16.) 

30.  Two  iron  plates  lO''  X  i''  are  to  be  connected  by  a  riveted  lap 
joint. 

Draw,  i  full  siie,  a  plan  of  a  double  riveted  joints  the  riveto 
being  \'%  with  a  pitch  of  2^". 

Show  by  another  plan  a  similar  joint,  but  with  the  rivets  arranged 
so  as  to  wesken  the  plates  as  little  as  possible.  (17-) 

*dl.  Elevation  of  a  brick  archway. 

Draw,  to  a  scale  of  At  showing  the  centering  you  would  use  in 
its  cons^ction.  Full  aetails  to  De  given,  with  the  scantlings,  in- 
cluding supports.  (i70 

32.  Give  a  horizontal  section,  to  a  scale  of  1}^  to  a  foot,  through  a 
cased  window  fome  for  2^'  double  hung  sashes ;  the  wall  being  of 
stone,  24^'  thick,  finished  inside  with  lath  and  plaster  on  battens, 
and  square  boxed  shutters  for  a  4  feet  opening.  (18.) 


Soaovrs  Sxamliiatioii. 

Inbtructionb. 


Read  the  General  Instructions  at  the  head  of  the  Elementary  paper. 
You  are  only  permitted  to  attempt  eight  questions. 


41.  Write  out  a  specification  for  the  Portland  cement  concrete  in  the 
foundations  of  a  building.  (8.) 

42.  What  is  the  drying  of  paint  due  to  P 

What  is  the  object  of  ^[raining  woodwork,  and  what  does  the 
ordinary  priming  coat  consist  of  P 

Is  there  anything  done  to  woodwork  before  priming,  and,  if  so, 
what  and  why  ?  (8.) 

43.  A  plastered  ceiling  shortly  after  completion  became  blistered  all 
over.  What  would  be  the  cause  of  the  blistering,  and  how  could  it 
have  been  guarded  against?  (8.) 

44.  What  wind  force  {>er  foot  super  would  overturn  a  14''  brick  wall, 
1(K  high  and  weighing  108  lbs.  per  foot  cube,  neglecting  the  strength 
of  the  mortar.  (8.) 
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46.  A  girder  oyer  a  20  Uet  span,  AB^  cames  at  5'  from  A  a  load  of 
3  cwt9«9  at  the  centre  a  load  of  5  cwts.,  and  at  5'  from  B  a  load  of 
7  cwts. 

Give  the  reactions  at  A  and  B,  and  the  shearing  stress  to  which 
the  girder  is  exposed  between  the  centre  and  the  load  of  7  cwts. 

(8.) 

46.  Explain  how  the  classic  orders  of  architecture  are  applied  in  the 
Itahan  styles  knbwn  as  Roman,  Florentine,  and  Venetian.  Give 
sketches  to  iUustrate  your  meaning,  (8.) 

47.  The  front  wall  of  a  building  is  finished  with  a  cornice  and  brick 
parapet,  llie  lead  gutter  in  rear  of  the  parapet  is  50  feet  long, 
currented  from  the  centre  to  both  ends. 

Draw  a  plan  of  the  gutter,  to  a  scale  of  5'  to  an  inch,  and  en- 
laiged  sections  showing  the  joints  in  the  lead  and  between  the 
lead  and  the  slates.  (10.) 

48.  Draw,  to  a  scale  of  1''  to  a  foot,  a  vertical  cross  section  through  a 
semicircular  headed  window  opening  5'  X  2^  6",  in  an  18^^  brick 
wall ;  showing  a  gauged  arch,  aouble  hung  sashes,  and  a  panelled 
window  back ;  the  details  to  be  siutable  to  a  good  dwelling-house. 

Give  a  full  sized  section  of  an  ovolo  sash-bar  for  the  same. 

(10.) 

49.  Give  a  line  diagram  of  an  iron  roof  truss  for  a  35  feet  span ;  and 
make  working  drawings,  half  full  size,  of  the  joints  at  the  head  and 
foot  of  the  prmcipai  ruter,  showing  the  latter  resting  on  the  top  of 
a  cast-iron  column.  (10.) 

50.  Give  a  section,  to  a  scale  of  an  indi  to  a  foot,  with  a  perspective 
sketch,  showing  the  bracketing  for  a  coved  plastered  oeilinff,  the 
height  being  3  feet  and  the  projection  20"^  (10.) 

51.  Draw,  to  a  scale  of  4  feet  to  an  inch,  a  section  through  an  open 
wooden  roof  over  a  32  feet  span,  showing  a  skylight  with  open 
louvres  for  ventilation. 

The  roof  to  rest  on  14'^  walls  and  to  be  finished  with  cast  iron 
ogee  guttering.  (10.) 

52.  A  new  pair  of  hinged  wooden  gates  is  required  for  the  arched 
entrance  to  a  warehouse.  The  entrance  is  1 1'  wide,  with  square 
stone  piers,  3'  on  face,  and  lO'  high  from  ground  to  a  plain  impost 
which  carries  a  segmental  arch  with  a  3'  rise. 

Give  a  part  elevation  of  the  gates,  to  a  scale  of  k^'  to  a  foot,  and 
enlarged  detaUs  showing  their  construction.  No  wicket  to  be 
shown ;  they  must  be  strongly  and  efEectively  designed,  but  need 
not  be  the  whole  height  of  the  opening.  (10,) 
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SUBJECT  IIL    BUILDINa  CONSTRUCTION. 

ExAMiNKB,  COLONEL  SEDDON^  R.E.  (Ret.). 


Konoum  Zzaminatloiu — ^Work  to  be  done  at  Kome. 

Instructions. 

This  paper  is  /•  he  worked  by  the  Candidate  at  his  own  home.  The 
drawings  are  to  be  sent  by  post  to  the  Secretary,  Department  of  Science 
and  Art,  London,  S,W,,  on  or  before  the  23rd  qfJune,  The  postage  need 
not  be  prepaid. 

Draw  up  a  design  for  a  small  detached  hospital  to  be  built  in  the 
country,  on  the  top  of  some  rising  ground. 

A  good  thin  bedded  rubble  stone^  as  also  bricks^  can  readily  be 
obtained  in  the  locality. 

The  site  is  on  the  east  of  a  road  running  north  and  south,  the 
plot  being  rectangular,  containing  about  tburee  acres,  with  a  depth 
of  300  feet. 

The  soil  is  a  good  firm  gravel. 

The  accommodation  required  is  re- 
ward for  12  beds. 
Two  wards  for  4  beds  each. 

1,200  cubic  feet  and  90  feet  superficial  to  be  allowed  per  bed. 

Ward  soulleiy  about  90  feet  superficial. 

Accommodation  for  two  nurses,  about  90  feet  superficial  fbr  each, 
in  one  or  two  rooms. 

Waiting  room,  about  90  feet  superficial. 

Bath-room. 

Two  w.c.'8  and  urinals  for  large  ward,  and  one  for  the  two  small 
wards. 

The  following  to  be  completely  cut  off  from  the  hospital 
proper : — 

Kitchen ;  cook's  room ;  scullery ;  larder ;  store  for  medical  com- 
forts ;  store  for  clothing,  bedding,  &c.,  about  100  feet  superficial. 

All  the  work  must  be  sound  and  good,  the  rooms  conveniently 
ananged,  and  all  sanitary  requirements  carefully  attended  to. 

Plans  and  elevations  to  be  drawn  to  a  scale  of  8  feet  to  an  inch, 
sections  to  twice  the  scale  of  the  plans,  and  enlarged  details  to  be  given 
as  may  be  required.  A  small  site  plan  to  be  given,  showing  positions 
of  any  out  buildings,  such  as  mortuary  and  washhouse. 

The  drawings  must  be  fully  dimensioned,  and  sufficiently  complete  to 
allow  of  accurate  bills  of  quantities  being  taken  out  from  them,  with 
the  exception  of  out  buildings,  which  need  only  be  shown  on  the 
general  plan. 

The  approximate  cost  of  the  block,  ascertained  by  cubing  out  the 
contents,  to  be  stated,  and  a  short  description  given  of  the  nuterials 
proposed  to  be  employed,  and  of  any  points  requiring  special  explanation. 
A  specification  is  not  required. 
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The  following  voucher  must  be  eigned  and  returned  wUh  the  worked 


I, 

hereby  certify  on  my  honour  that  the  drawings  sent  in  by  me^  for  the 
Honours  Examination  in  Building  Conatruction  and  Drawing,  have 
been  wholly  done  by  m^  and  without  assistance  from  any  person. 

(Signed) 

No. 


The  above  number  must  be  quoted  on  each  separate  sheet  of  draw- 
ings worked  by  you. 


SUBJECT  IV.    NAVAL  ABCEITECTUBK 

Examiner,  J.  H.  MORRISON,  Esq.,  R.C.N.C. 

General  Instructions. 
If  the  rules  are  not  attended  to,  the  paper  will.be  cancelled. 

You  may  take  the  Elementary,  or  the  Advanced,  or  the  Honours 
paper,  but  you  must  confine  yourself  to  one  of  them.  Sketches, 
required  to  be  made  to  scale,  must  be  mked  in  with  drawing  pen. 

Put  the  number  of  the  question  before  your  answer. 

You  are  to  confine  your  answers  strictly  to  the  questions  proposed* 

Your  name  is  not  given  to  the  Examiner,  and  you  are  forbidden  to 
write  to  him  about  your  answers. 

The  value  attached  to  each  question  is  shown  in  brackets  after  the 
question.  A  full  and  correct  answer  to  an  easjr  question  will  in  all 
cases  secure  a  larger  number  of  marks  than  an  incomplete  or  inexact 
answer  to  a  more  difilcult  one. 

The  examination  in  this  subject  lasts  for  four  hours. 


First  Stage  or  Elementary  Examinatioii* 

Instructions. 

You  are  only  permitted  to  attempt  ten  questions. 

You  must  attempt  No,  21.    Two  of  the  remaining  questions  may  be 
selected  from  the  Calculations ;  and  tlie  rest  from  one,  bnt  not 
botlit'of  tbe  aeotlons  of  Practical  Blilpbiilldlnr. 


Practical  Shipbuilding. — Section  I. 

WOOD  AND  COMPOSITE  SHIPS. 

1.  Show  by  sketches  boy  two  pieces  of  wood  keel  are  usually  con- 
nected together.  (8.) 
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2.  How  would  yon  tide  and  mould  %  ftoff-iloor  ?  (12.) 

3.  How  are  the  ^(arboard  itnkes  uaoally  fitted  in  a  wood  ship? 

What  purposes  do  such  strakes  senre?  (8.) 

4.  How  are  the  positions  of  the  dowel  or  ooak  hdes  in  the  heads  and 
heels  of  the  naoie  timbers  set  off  ? 

How  are  the  holes  bored  P 

Why  is  it  important  that  the  butts  of  the  frame  timbers  should 
be  well  fSiyed,  and  the  dowels  tightly  fitted  ?  ( 12. ) 

5.  How  would  you  get  in  place  the  wood  beams  of  a  ship  when  there 
is  a  considerable  tumble  home  in  the  ship's  sides  7  (8.) 

6.  What  is  the  thin  waterway  P 

Show  how  the  ends  of  the  deck  plank  are  usually  scored  into  the 
thin  waterway,  and  give  the  reasons  for  adopting  the  arrange- 
ment.  (8.) 

7.  Sketch  roughly  a  fhone  of  a  composite  vessel,  and  mark  on  it  the 
names  of  the  different  parts.  (8.) 

8.  Show  how  the  intercostal  keel  in  a  composite  vessel  is  secured  to 
the  frames. 

What  longitudinal  ties  usually  connect  the  different  pieces  of  the 
intercostal  keel  to  each  other?  (8.) 

9.  Explain  how  the  work  of  framing  a  composite  vessel  is  proceeded 
with  on  the  blocks.  (12.) 

10.  What  is  a  stringer  plate? 

Show  how  such  a  plate  is  secured  to  the  framing  of  a  composite 
vessel.  (10.) 


Practical  Shipbuilding. — Skction  II. 

IBON  AND  STEEL  SHIPS. 

11.  Roughly  sketch  a  pan-head  rivet : — 

(1)  with  a  countersunk  point ; 

(2)  with  a  snsp  point. 

State  in  what  parts  of  a  ship's  structure  each  kind  is  generally 
used.  (8.) 

12.  Sketch  a  sideAttn  keel,  showing  bow  the  butts  are  arranged.     (8.) 

13.  Explain  how  the  work  of  erecting  the  frames  on  the  blocks  of  a 
small  mercantile  iron  or  steel  vessel  is  proceeded  with.  (12.) 
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14.  What  is  the  bxeadth  of  lap  nquiied  by  Lloyd's  rules  for~ 

(2)  double  riveting  P 

Show  how    you  would  space  the  rivets  in  a  double-riveted 
lap  if  it  is  to  be  made  watertight,  and  the  plates  are  \"  thick. 

(8.) 

15.  Give  a  sketch  of  a  drift  punch.    For  what  purpose  is  it  used  7 

When,  and  why,  would  it  be  undesirable  to  use  such  a  punch  ? 

(8.) 

16.  How  is  the  bottom  plating  usually  flutened  to  the  stem  post 
in— 

(1.)  A  large  armoor-ehd  ship  7 

(2.)  A  small  mercantile  vessel  7  (8.) 

17*  What  are  the  ordinary  methods  of  forming  knees  to  beams  in  iron 
and  steel  ships  7  (8.) 

18.  Show  how  you  would  fit  and  Hasten  a  "T  beam  to  the  frames  of  a 
ship.  (12.) 

19.  Describe  the  work  of  rweting  the  bottom  plates  to  the  frames  and 
to  each  other. 

How  would  you  ascertain— 
(1.)  That  the   surfsces   of   the  plates    are   brought   close 

(2.)  T^  the  rivets  are  tight  7  (12.) 

20.  What  is  a  stringer  plate  P 

Show  how  such  a  plate  is  secured  to  the  framing  of  an  iron  or  a 
steel  ship.  (10.) 


Drawing. 

21.  Sketch  No.  21  is  on  a  scale  of  f '  to  1  foot.  Enlaige  it  to  a  scale 
of  \"  to  1  foot,  and  show  on  it  a  station  lO'  6'^  before  the  after 
perpendicular,  and  a  water-line  13^  &'  above  under  side  of  keel. 

(14.) 

Calculations. 

22.  Write  down  and  explain  Simpson's  first  rule  for  finding  the  area  of 
a  plane  surface. 

The  Aa/f-ordinates  of  a  deck  plan  in  feet  are  respectively  U ;  t\\ 
lOi;  13i;  14};  14};  12};  9;  and  3};  and  the  length  of  the 
pltm  is  128  feet. 

Find  the  area  of  the  deck  plan  in  square  yards.  (8.) 

23.  Referring  to  Question  No.  22,  find  the  area  in  souare  fbet  of  the 
portion  of  the  plan  between  the  ordinates  1^  and  o}.  (6.) 

24.  The  areas  of  the  water-line  sections  of  a  vessel  in  square  feet 
are  respectively  2,000;  2,000;  1,600;  1,250;  and  300.  The  com- 
mon  interval  between  them  is  li  feet.  Find  the  displacement  of 
the  vessel  in  tons,  neglecting  the  small  portion  below  the  lowest 
water  section*  (6.) 


Digitized  by  VjOOQIC 


24 


1V.~NAVAL  ABCHITECTUBE. 


25.  A  steel  plate  -fg"  thick  is  of  the  form  and  dimensions  shown  bebw. 
Find  its  weignt  in  lbs. 


•<.-.  4' y 4L 


-74-'- 


(6.) 


Second  Stage  or  AdTanced 


itiOA* 


Instructions. 

Read  the  General  Instructions  at  the  head  of  the  Elementary  paper. 

You  are  only  permitted  to  attempt  twelve  questions. 

'  You  must  attempt  No.  61.  The  remaining  questions  may  be  selected 
from  any  part  of  toe  paper,  provided  that  one  or  more  be  taken  from 
each  section,  vis..  Practical  Shipbuilding,  Laying  Off,  and  Calculi^tions. 


Practical  Sbipbuildino. 
WOOD  AND  OOMPOSITB  SHIPS. 

31.  Show  how  the  keel,  floors,  keelson,  and  garboard  strakes  of  a  wood 
ship  are  connected  together.  (6.) 

32.  How  would  you  side  and  mould  a  Aa(f-floor7  (8.) 

33.  The  frames  of  a  wood  ship  being  in  place,  explain  how  the  dubbhig 
out  of  the  inside  of  the  frames  is  performed. 

What  precautionary  measures  should  be  taken  in  proceeding 
with  the  work?  (6.) 

34.  The  outside  plank  of  a  wood  vessel  being  trimmed  and  ready  to 
go  in  place;  describe  the  work  in  connexion  with  securing  it 
temporarily  in  place.  (6.) 

35.  How  are  intercostal  keels  in  composite  vessels  usually  fitted  and 
secured  to  the  frames? 

Why  are  such  keels  fitted  P  (6.) 

36.  Explain  how  the  work  of  framing  a  composite  vessel  is  proceeded 
with  on  the  blocks.  (8.) 
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37.  Describe  the  work  of  fastening  the  inner  thickness  of  bottom 
plank  in  a  composite  vessel  which  has  two  thicknesses  of  bottom 
plank.  (6.) 


IKON  AND  STEEL  SHIPS. 

38.  Sketch  roughly  a  bar  keel  and  a  sidebar  keel,  showing  how  the 
batts  are  usually  arranged  and  fihstened  in  each  case.  (6.) 

39.  Describe  the  tests  to  which  Z  steels  are  subjected  to  ascertain  if 
they  are  fit  for  use. 

40.  How  are  Z  har  frames  bevelled  and  bent  to  their  proper  curva- 
ture? (8.) 

41.  The  frames,  reverse  frames,  and  floor  plates  of  a  mercantile  steel 

vessel  having  been  aci^usted ;  explain  how  the  work  of  riveting  them 
together  is  proceeded  with.  (6.) 

42.  State  broadly  what  are  the  reauirements  of  Lloyd's  Rules  as  to 
fitting  and  securing  the  outer  plating  of  ships.  (6.) 

43.  Show  how  you  would  fit  and  fasten  a  T"  beam  to  the  frames  of 
a  ship.  (8.) 

44.  Show  how  the  bottom  plating  is  fitted  and  fastened  to  the  stem- 
post  of — 

(1)  a  small  mercantile  vessel ; 

(2)  a  large  armour-dad  ship.  (8.) 

45.  In  arranginff  the  butt  fastenings  of  a  stringer  plate,  what  con- 
sideration should  be  given  to  the  row  of  rivets  farthest  from  the 
butt? 

What  would  influence  you  in  determining  the  thickness  of  the 
strap  ?  (6.) 

46.  What  is  meant  by — 

(1)  local  strength ; 

(2)  structural  strength  ? 

Point  out  in  what  ways  pillars  to  beams,  if  properly  fitted,  may  be 
regarded  as  increasing  the  structural  strength  of  iron  and  steel 
ships.  (8.) 

Laying  off. 

47.  Explain  clearly  a  method  of  obtaining  the  bevellings  of  the  frame 
timbers  in  the  square  body,  and  state  how  the  information  is 
communicated  to  the  workmen.  (6.) 

48.  How  are  the  edges  of  the  outer  bottom  plates  obtained  and  faired 
on  the  mould  loft  floor?  (6.) 

49.  How  are  the  beam-at-side  lines  obtained,  and  how  are  they 
set  off  at  the  ship?  (8.) 

50.  How  is  a  scrive  board  made,  and  to  what  uses  is  it  put  P  (8.) 

Drawing. 

51.  Sketch  No.  51  is  on  a  scale  of  i"  to  1  foot,  enlarge  it  to  a  scale  of 
1"^  to  1  foot,  state  what  it  represents,  and  show  the  rivets  in  the 
angle  bars  a,  a,  a,  (12.) 
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Calculations. 

52.  The  Aa{f-ordiiiaie8  in  feet  of  the  load  water  plane  of  a  Teasel  an 
respectively:— 0-2;  4;  8-3;  ll'S;  13-4;  134;  10*4;  7'2; 
ana  2*2 ;  the  length  of  the  plane  being  130  feet. 

Rnd— 


(1) 
(2) 


the  area  of  the  plane ; 

the  distance  of  its  C.6.  from  No.  6  ordinate; 


(3)  the  decrease  in  draught  of  water  by  reowving  25  tons 
from  the  vessel.  (8.) 

53.  A  ship  passes  from  sea-water  to  xiver>water»  show  how  an  estimste 
mav  be  made  for  the  diange  in  the  draught  of  water. 

What  will  be  the  mean  draught  in  rtper-watcr  of  a  ship  whose 
mean  draught  in  sea-water  is  2S  feet,  her  length  on  the  water- 
line  being  320  feet ;  breadth  extreme  48  feet,  and  dispkconent 
7,600  tons  P  (6.) 

54.  The  areas  of  five  equi-distant  water-planes  of  a  vessel  in  squaiefeet 
are  respectively — 

1—4100 
2—3700 
3—3200 
4—2500 
5—1400 

the  common  interval  between  them  is  2  feet,  and  the  displacement 
below  the  lowest  water-plane  is  50  tons. 

Find—* 

(a)  the  tons  per  inch  at  each  of  the  water-planes ; 

(b)  the  displacement  in  tons  up  to  each  of  the  first  four  water- 
planes.  (8.) 

55.  Explain  clearly,  illustrating  your  remarks  with  roush  sketches,  how 
curves  of  displacement  and  curves  cf  tons  per  inch  immersUm  are 
constructed,  and  state  what  use  is  made  of  them.  (6.) 

56.  A  p<Hrtion  of  a  cylindrical  steel  stem  shaft  tube  1}''  thick,  is  15i 
feet  long ;  and  its  external  diameter  is  15''.    Find  its  weight. 

(6.) 


Konoun  Bxaminatioiu 

Instructions. 

Read  the  General  Instructions  at  the  head  of  the  Elementary  paper. 

You  are  only  permitted  to  attempt  fourteen  questions.  You  may 
select  these  from  any  part  of  the  paper,  provided  that  one  or  more  be 
taken  from  each  section,  viz..  Practical  Snipbuilding,  Laying  Off,  and 
Calculations. 


Digitized  by  VjOOQIC 


IV^— NAVAL  ABCHITBCTURB.  27 


Practical  Shipbuilding. 

WOOD  AND  COMP08ITB  SHIPS. 

71.  What  is  the  apron  P    A  piece  of  apron  has  great  curvature,  how 
would  you  efficiently  connect  it  by  ooaks  to  the  stem  P  (6.) 

72.  The  outside  plank  of  a  wood  vessel  being  trimmed  and  ready  to  go 

in  place,  describe  the  work  in  connection  with  securing  it  tempo- 
lanly  in  place,  and  the  necessary  arrangements  which  should  be 
made  for  setting  off  the  permanent  fastenings  in  an  efficient 
manner.  (8.) 

73.  Briefly  discuss  the  compmtive  value  of— 

treenaiU  fastenings 
through  bolt  fastenings 
for  outside  plank  in  wood  vessels.  (6.) 

74.  Explain  why  a  fiat  keel  plate  is  usually  worked  in  composite  vessels 
in  addition  to  a  wood  keel. 

Show  how  the  two  keels  are   usually  connected  and  fastened 
together.  (6.) 

75.  Sketch  roughly  a  portion  of  the  transverse  framing  extending  from 
the  keel  to  the  water  line  of— 

(\)tk  mercantile  composite  vessel, 

(2)  a  recent  type  of  a  composite  vessel  of  war. 

(8.) 


ntON  AND  STEEL  SHIPS. 

76.  What  is  the  difference  between  a  side-bar  keel  and  a  flat  keel  ? 

Show  how  the  butts  are  usuaUv  arranged  and  fiutened  in  each 
case,  specifying  sizes  of  plates  and  rivets.  (6.) 

77.  Explain  briefly  how  the  work  of  erecting  the  frames  of  a  small 
mercantile  steel  vessel  is  usually  proceeded  with.  (6.) 

78.  Sketch  roughly  a  portion  of  a  section,  and  an  intermediate  section, 
of  the- cellular  system  of  framing  adopted  in  many  mercantile  ships. 

How  does  this  system  differ  in  details  frxnn  that  used  in  armoured 
ships  of  war  7  ^.) 

79.  What  are  the  advantages  in  using  Z  steels  for  the  transverse  frames, 
as  compared  with  frames  formed  with  two  angle  bars?  Are  there 
any  disadvantages?  (6.) 

80.  In  large  steel  castings,  such  as  those  for  stems,  stem-posts,  &c., 
what  tests  are  usually  applied  to  ascertain  if  they  are  sound  and  fit 
for  use?  (6.) 

81.  What  is  the  principal  object  in  fitting  efficient  beam  knees? 

What  may  be  regarded,  in  many  iron  and  steel  ships,  as  horizon- 
tal knees  to  each  beam ;  and  what  useful  work  do  these  horizontal 
knees  perform  P  (6.) 

82.  Beams  in  iron  and  steel  ships  are  generally  made  of  uniform  depth 
throughout,  except  at  their  extreme  ends.  On  the  principle  of  uni- 
formity of  strength,  regarding  the  beams  as  girders  only,  the 
adoption  of  this  uniform  depth  appears  to  be  incorrect. 

Discuss  fully  why  the  uniform  depth  is  adopted.  (8.) 
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Latino  Ofp. 

83.  Explain  briefly  how  the  midship  body  may  be  faired  by  oontiaction. 

Show  that  the  method  is  correct.  (6.) 

84.  Define  the  "  centre  of  rabbet." 

Show  how  it  may  be  found  exactly  in  a  ship  whose  stem  rakes 
and  tapers.  (8.) 

85.  How  are  the  edges  of  the  outer  bottom  pUtes  obtained  and  faired 
on  the  mould  loit  floor? 

Show  roughly  the  general  contour  of  the  plate  edges  in  the  fore 
body  plan.  (6.) 

86.  How  is  a  scrive  board  made,  and  to  what  uses  is  it  put?  (6.) 

87.  What  information  should  be  given  to  the  workmen  to  enable  the 
iron  stem  of  a  large  armour*clad  ship  to  be  forged  and  machined  7 

(6.) 

Galculatioks. 

85.  The  iUi(f-ordinates  of  a  portion  of  a  deck  plan  of  a  vessel,  oom- 
mencmg  from  abaft,  are  2;  8 ;  and  11^  feet  respectively,  and  the 
common  interval  is  16  feet. 

On  the  beams  between  the  two  aftermost  ordinates,  steel  plating 
i  inch  thick  is  to  be  worked.    What  u  the  weight  of  the  plating  ? 

(4.) 

89.  From  the  particulars  ^ven  below  find  the  'displacement  in  tons  of 
the  vessel  up  to  L.W X. 

Half-ordinates  in  feet  at  stations : — 


1 

2 

3 

4 

5 

L.W.L. 

•2 

7-4 

ll-O 

9-3 

2-0 

2W.L. 

•2 

6-3 

10-6 

6-5 

•3 

3W.L. 

•2 

20 

7-6 

2:6 

•3 

Stations  apart  30  feet. 
Water  lines  apart  3  feet. 
(Appendages  before  and  abaft  end  ordinates,  and  below  No.  3  W.L. 
being  neglected.)  (6.) 

90.  Describe  clearly  how  you  would  proceed  to  obtain  from  the  draw- 
ings of  a  vessel,  a  close  approximation  to  the  area  of  ''wetted 
surface  "  for  a  given  draught  of  water  forward  and  aft.  (6.) 

91.  A  pontoon  raft  is  formed  by  two  cylindrical  pontoons  each  50  feet 
long  and  4  feet  in  diameter.  The  distance  between  the  centres  of 
the  pontoons  is  8  feet  throughout  their  lengths. 

In  sea-water  the  raft  floats  with  the  axes  of  the  pontoons  at  the  ' 
surface  of  the  water. 

Find  the  height  of  the  transverse  metacentre  above  the  centre  of 
buoyancy  of  the  raft.  (6.) 
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is  meant  by  *'  change  of  trim  "? 

ia  desired  that  the  draught  of  water  aft  in  a  steam  ship  shall 
instant  whether  the  coals  are  in,  or  out,  of  the  ship. 
aow  how  the  approximate  position  of  the  C.G.  of  toe  coals  may 
pund,  in  order  tnat  the  desired  condition  may  be  fulfilled. 

(8.) 
tfl^  describe  an  experimental  method  of  obtaining  a  curve  of 
ity  for  a  ship, 
pare  the  method  with  the  calculation  method.  (6.) 

m  would  you  proceed  in  arranging  the  fastenings  in  a  strioger 

Hite  at  the  beams,  and  at  the  butts  ? 
A  stringer  plate  is  38  inches  wide  and  -fg  inch  thick ;  sketch  the 
feting  in  a  beam,  and  at  a  butt,  and  show  that  the  arrangement 
s=^  &  good  one.  (8.) 

llow  how  a  comparison  may  be  made  between  the  turning  effects 

m  a  ship  of — 

-  (1)  A  narrow  rudder  held  at  a  certain  angle  by  a  given  force  at 

the  end  of  a  tiller ;  and 
•    (2)  A  broader  rudder  of  equal  depth  held  by  an  equal  force  at 

a  smaller  angle*  (8.) 

I 

i        


SUBJECT  IV.  NAVAL  AECHITECTUEE. 

Ekamikbr,  J.  H.  MORRISON,  £sa.,  R.C.N.C. 


Honours  Ezaminatlon. — Work  to  be  done  at  Home. 

Instructions. 

This  paper  is  to  be  worked  by  the  Candidates  at  their  ovm  homes.    The 
rawings  are  to  be  sent  by  post  to  the  Secretary,  Department  of  Science 
|am2  Art,  London,  S.W.,  on  or  before  the  23rd  of  June.    The  postage 
eed  not  be  prepaid, 

101.  Portions  of  the  sheer  and  body  plans  of  a  steel  screnr  vessel  on  a 
scale  of  i  inch  to  1  foot,  with  particulars  of  dimensions,  are  given 
on  drawing  No.  101. 

Make  a  complete  building  draught  on  a  scale  of  ^inch  to  1 
foot,  from  the  information  furnished,  and : — 

(1.)  Mark  distinctly  on  the  drawing  constructed  by  you  the 
position  of  the  centre  of  buoyancy  when  the  vessel  is  floating 
at  a  load  line  of  9'  6"  forward ;  ity  6"  aft. 

(2.)  Construct  the  curve  of  displacement  on  a  scale  of  1  inch  per 
foot  of  draught,  and  1  inch  per  100  tons  displacement* 

(3.)  Construct  the  curve  of  tons  per  inch  immersion  on  a  scale 
of  1  inch  per  foot  of  draught,  and  f  inch  per  ton. 
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Thefddlawmff  wmeker  mmtt  he  signed  and  retwmed  with  the  worked 
drawmge: — 

I. 

hereby  certify  on  my  honour  that  the  drawings  sent  in  by  me,  for  the 
Honours  Examination  in  Naval  Architecture,  have  been  done  wholly 
by  me,  and  without  assistance  from  any  person. 


(Signed), 
No. 


The  above  number  must  be  quoted  on  each  separate  sheet  of  draw* 
ings,  9ic,  worked  by  you. 


SUBJECT  V.    FUSE  MATHEMATICS, 
STAGES  1,  2,  ft  3. 

ExAMiNBBS,  Rbv.  J.  F.  TWISDEN,  M.A.,  and 
A.  IL  WILLIS,  Esq.,  M.A.,  D.Sc. 


Gbnbbal  Instructions. 
If  the  rnlee  are  not  attended  to,  yonr  papeni  will  be  cancelled. 

You  are  permitted  to  answer  questions  from  the  l^rst  Stage,  or  from 
the  Second  Stage,  or  from  the  Third  Stage,  or  from  the  Honours  Paper, 
but  you  must  ooiifine  yourself  to  one  of  them. 

Put  the  number  of  the  question  before  your  answer. 

Every  page  of  the  paper  supplied  for  the  answers  may  be  used. 

You  are  to  confine  your  answers  strictly  to  the  questions  proposed. 

Your  name  is  not  given  to  the  Examiners,  and  you  are  forbidden  to 
write  to  them  about  your  answers. 

AU  the  work  by  which  a  result  is  obtained  must  be  clearly  shown 
i»  immediate  connexion  with  the  question.  No  credit  will  be  allowed  for 
any  result,  however  correct  it  maj  be,  unless  the  work  be  shown,  so  as 
to  enable  the  Examiners  to  satisfy  themselves  that  the  candidate  has 
understood  the  question,  and  to  see  by  what  process  the  result  has  been 
obtained. 

Anything  which  you  do  not  wish  the  Examiners  to  notice  should  be 
crossed  out  with  the  pen. 


Digitized  by  VjOOQIC 


Y.— PURE  mathebcaucs,  stages  ],  2,  &  3.        31 

A  table  of  logariihiiia  mutt  not  be  used  in  working  these  papers. 
All  the  logarithms  needed  will  be  found  on  the  aooompanying  paper. 

UnleMS  yarn  expressly  state  the  contrary ^  it  wUl  be  assumed  that  you  have 
read  Gbombtbt  m  iBueUd,  and  you  will  be  expected  to  follow  Euclid's 
sequence.  Otherwise,  you  must  state  what  text  book  you  have  used  in 
geometry. 

The  examination  in  this  subject  lasts  for  three  and  a  half  hours. 


lEathematieBy  Flnt  Stage. 

Instructions. 
Read  the  General  Instructions  above. 

The  paper  is  divided  into  three  sections.  You  are  not  to  answer 
more  than  three  questions  in  any  one  section,  and  not  more  ithan  eight 
questions  altogether.  No  student  can  be  passed  who  fidls  to  obtain 
marks  in  any  one  section. 

The  number  of  marks  assigned  to  each  question  is  given  in  brackets. 


Section  A, 

1.  Reduce  to  their  simplest  forms : — 

(6.)  (0-002x36-25-^0029)-(l02-85xO-04-4-17).  (10.) 

2.  Extract  the  square  root  of  0*67 1  to  four  places  of  decimals,  and 
the  cube  root  of  768575*296.  (8.) 

3.  All  round  the  floor  of  a  room,  which  is  28  feet  long  and  22  feet 
wide,  there  is  a  border  2  feet  wide  which  is  left  uncarpeted.  Find 
the  cost  of  staining  the  border  at  It.  lid.  a  square  yard.  Find  also 
the  number  of  yards  of  csrpet,  27  inches  wide,  required  for  covering 
the  rest  of  the  floor,  and  the  cost  of  this  carpet  at  St.  9d,  a  yard. 

(10.) 

4.  What  is  the  rate  per  cent,  of  the  interest  that  a  man  gets  on  money 
invested  in  a  4  per  cent,  stock,  the  price  of  which  is  1 19|  (inclading 
brokerage)  P    What  income  would  he  get  on  1,500/.  so  invested  P 

(8.) 

5.  A  and  B  are  partners  in  a  business  in  which  A  has  invested  6,750/. 
and  B  1,500/. ;  B  receives  15  per  cent,  of  all  the  profits  for  acting 
as  manager,  and  the  remainder  is  divided  between  the  partners  in 
proportion  to  the  sums  invested;  what  will  each  receive  out  of 
profits  amounting  to  7262.  9s,  2d.  ?  (10.) 

6.  A  kilometre  being  1093*638  yards,  find  to  four  places  of  decimals 
how  many  kilometres  there  are  in  100  English  miles.  (8.) 
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Section  B, 

7.  Two  angles  of  a  triangle  are  equal;  show  that  the  sides  opposite 
to  these  angles  are  equaL 

In  the  equal  sides  AB,  AC  of  an  isosceles  triangle  ABC  points 
D  and  E  are  taken^  so  that  AD  ia  equal  to  A£,  and  CD  and  BE 
are  drawn  intersecting  in  F;  show  that  the  triangle  BFC  is  iso- 
sceles. (12.) 

8.  Show  how  to  divide  a  ffiven  angle  into  two  equal  parts. 

If  a  diagonal  AC  of  a  quadnlateral  ABCD  bisects  the  angles  at 
A  and  C«  show  that  it  is  at  right  angles  to  the  other  diagonal  BD. 

(10.) 

9.  If  one  anffle  of  a  triangle  is  greater  than  another,  show  that  the 
side  which  is  opposite  the  greater  angle  is  longer  than  the  side 
which  is  opposite  the  less  angle. 

.  ABC  is  a  triangle  having  an  acute  angle  at  B,  which  is  greater 
than  the  angle  at  A ;  the  side  AB  is  produced  to  D»  and  BE  b 
drawn  to  meet  AC  produced  in  E  in  such  a  waj  that  the  angle 
DBE  is  equal  to  the  angle  ABC;  show  that  BE  is  longer  than  BC. 

(10.) 

10.  Show  that  the  complements  of  the  parallelograms  which  are  about 
the  diagonals  of  any  parallelogram  are  equal  to  one  anotha. 

If  one  of  the  parallelograms  about  the  diagonal  of  any  parallelo- 
gram is  equal  to  half  one  of  the  complements,  show  that  the 
complement  is  equal  to  half  the  other  parallelogram.  (12.) 

11.  ABC  is  a  given  triangle  and  P  a  given  point;  show  how  to  draw 
through  Pa  straight  line  to  cut  AB  and  AC  (or  those  sides  either 
or  both  produced)  in  Q  and  R,  so  that  AQR  may  be  an  isosceles 
triangle. 

Within  what  space  must  P  be  situated  if  Q  and  R  are  on  the 
sides  (not  the  sides  produced)  respectively  P  (14.) 

12.  In  the  triangle  ABC  the  angles  at  A  and  C  are  each  one-fourth  of 
a  right  angle;  CD  is  drawn  cutting  AB  produced  at  right  angles 
in  D ;  show  that  the  square  on  AB  is  double  the  square  on  BD. 

(H.) 


Section  C, 

13.  If  «  =  3  and  4y  =  — 1>  find  the  numerical  values  of  the  following 
expressions : — 

2 

4(*-4y»),  («-2y)  («+3y),  ""SJU  «»y*.  (12.) 

.+? 

y 

14.  Write  down  the  following  expressions  in  factors  :— 
flj»-«~2,  fl^+4aj2y»-f  16y^  «2-y3-6a5+6y.  (10.) 

15.  Subtract  (w^— 7«+13)2  from  («2+  7^,.  13)2.  (iq.) 
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16.  Reduce  the  following  expressions  to  their  simplest  lorm  :^ 


«-l      »»+4P+l 
C 


<-'('-.?^J(>-^^)-       (».) 

17.  Find  a  number  such  that>  when  diminished  by  3,  one-fourth  of  the 
remainder  may  be  greater  by  2  than  one-fifth  of  the  orif^inal 
number.  (12.) 

18.  A  person  spent  9t.  in  buying  apples  at  the  rate  of  7d,  a  dozen,  and 

oranges  at  the  rate  of  20  a  shilling.  If  he  had  bought  two-thirds 
as  many  apples  and  twice  as  many  oranges,  he  would  have  had  to 
pay  \3s.  Ad.    How  many  of  each  did  he  buy  ?  (14.) 


ICafhematicsy  Second  Stage. 

Instructions. 

Read  the  General  Instructions  on  p.  30. 

The  paper  is  divided  into  three  sections.  You  are  not  to  answer 
more  than  three  Questions  in  any  one  section,  and  not  more  than  eight 
questions  altogether.  No  student  can  be  passed  who  fails  to  obtain 
marks  in  any  one  section. 

The  number  of  marks  assigned  to  each  question  is  given  in  bradcets. 


Section  A. 

21.  Simpbfy  3^_iy^_5-g^^^_i,    and    find   .its   value   ,when 
3»=-/2-l.  (16.) 

22.  Find  the  square  roots  of  the  following  expressions : — 

(a.)  (»-y)^-2(*>+y»)  (;t-y)»+2(«^+y^). 

(6.)  a»+2a&p+(A*-4ac)«2— 4dca?»+4c»««.  (25.) 

23.  Which  is  greater  ^/3  or  V  (H)  ? 

Find    in   its   simplest   form   the    product   of   ^^6— a/2   and 
V'2+V'3+v'f  (15.) 

o    56078.  Q 
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24.  If  a  and  b  are  the  roots  of  the  equation  «*+/>«+ j^=0,  show  tiiat 
a+6=— p,  and  ab=zq ;  and  show  that  the  equation  whose  roots 

are  a+-  and  *+-  may  be  expressed  in  the  form — 

9/+ii(l+g>r+(l+^)«=0.  (25.) 

25.  Define  the  triplicate  ratio  of  a  :  b. 

Find  the  number  that  must  be  subtracted  from  the  antecedent 
and  consequent  of  the  ratio  3  :  5  so  that  the  resulting  ratio  may 
equal  the  triplicate  ratio  of  4  :  5.  (20.) 

26.  One  side  of  a  rectangle  is  3  feet  longer  than  the  a^iacent  nde ;  the 
area  is  as  many  square  feet  as  the  number  of  linear  feet  in  the 
perimeter ;  find  the  sides  of  the  rectangle.  (20.) 


SeetuM  B, 

27.  Show  that  if  a  straight  line  be  divided  into  any  two  parts,  the 
squares  on  the  whole  line  and  on  one  of  the  parts  are  equal  to 
twice  the  rectangle  contained  by  the  whole  line  and  that  part 
together  with  the  square  on  the  other  part. 

Let  ABC  be  a  triangle  having  a  right  angle  at  C;  from  D,  any 
point  in  AC,  draw  DE  at  right  angles  to  AB ;  without  using  any 
property  of  the  circle,  show  that  the  rectangle  CA.AD  is  equal  to 
the  rectongle  BA.AE.  (25.) 

28.  AB  is  a  chord  of  a  circle;  C  the  middle  point  of  AB;  show  that 
the  straight  line  drawn  through  C  perpendicular  to  AB  passes 
through  the  centre  of  the  circle. 

Show  that  all  circles  whose  centres  lie  on  a  given  straight  line 
and  whose  circumferences  pass  through  a  given  point  have  a 
common  chord  of  intersection.  (20.) 

29.  Define  similar  segments  of  a  circle,  and  show  that  on  the  same 
straight  line  and  on  the  same  side  of  it  there  cannot  be  two  similsr 
segments  of  circles  not  coinciding  with  each  other. 

A  straight  line  is  drawn  through  the  point  of  contact  of  two 
circles  touching  each  other  internally ;  show  that  the  segments  cut 
off  on  the  same  side  of  the  line  are  sunilar.  (20.) 

30.  Show  that  in  equal  circles  the  arcs  which  subtend  equal  angles, 
whether  at  the  centre  or  circumference,  are  equal. 

ABCD  is  a  quadrilateral  inscrilied  in  a  circle  whose  centre  is  O ; 
if  the  angles  BAD  and  BOD  are  together  equal  to  two  right  angles, 
show  that  the  arc  BAD  is  double  the  arc  BCD.  (25.) 

31.  Show  that  a  tangent  to  a  circle  makes  with  a  chord  through  the 
point  of  contact  angles  equal  to  those  in  the  alternate  segments  of 
the  circle. 

In  the  hypothenuse  AB  of  a  right-angled  triangle  ABC  a  point  E 
is  taken,  so  that  A£  eouals  AC ;  CD  is  drawn  to  meet  AB  at  right 
angles  in  D ;  show  tnat  the  line  joining  C  and  £  bisects  the 
angle  BCD.  (25.) 

32.  Given  a  circle  and  two  parallel  chords,  show  how  to  draw  a  drde  to 
touch  both  chords,  and  the  circle  internally.  (25.) 
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Section  C. 

33.  Define  the  mantissa  of  a  logarithm,  and  the  base  of  a  srstem  of 
logarithms.  Point  out  the  advantage  gained  by  taking  10  as  the 
base  of  the  common  system  of  logarithms. 

Show    that  log  ^  =  log  a  —  log  b,  and  find  the  fifth  root  of 

(00002  -5-  23087).  (20.) 

34.  Find  the  sine,  cosine,  and  tangent  of  an  angle  of  60^,  and  write 
down  the  sine,  cosine,  and  tangent  of  an  angle  of  120°.  Given 
that  2  tan  26^  34'  =  1,  writ«  down  all  the  values  of  0  less  than  four 
right  angles  for  which  2  tan  0  +  1=0.  (20.) 

36.  Find  the  logarithm  of  the  tangent  of  81**  11'  46",  and  the  angle 
whose  log  cotangent  is  9*6170466. 
Find  the  numerical  value  of  V  (tan  50®  tan  22°  30').         (20.) 

36.  If  two  sides  a,  b  and  the  angle  A  of  the  triangle  ABC  are  given, 
under  what  circumstances  will  there  be  two  values  for  the  third 
sideP    Show  that  the  difference  of  these  values  is 

2y(a»-.J«  sin'A). 

Find  the  smaller  value  of  c,  having  given  A  =  10^,  a  =  23087, 
b  =  7903-2.  (26.) 

37.  Prove  geometrically  that  the  sum  of  two  sides  of  a  triangle  is  to 
their  £fference  as"  the  tangent'  of  half  the  sum  of  the  opposite 
anffles  is  to  the  tangent  of  half  their  difference. 

In  a  triangle  ABC,  given  a  =  3,  5  =  6,  and  C  =r  120^,  find  the 
tangent  of  (B-A)  -f-  2.  (26.) 

38.  AB  is  a  vertical  pole  60  ft.  high,  A  being  above  B ;  BC  s  inclined 
upward  at  an  aio^ie  of  2(f  to  the  horizontal  line  BO,  so  that  ABC 
is  an  angle  of  70^;  the  shadow  of  AB  on  BC  is  60  feet  long ;  if 
the  shadow  fell  on  BD  what  would  be  its  length  P  (26.) 


Xathematlcsy  Third  Stage. 

Instructions. 

Read  the  General  Instructions  on  p.  30. 

You  must  confine  your  answers  entirely  to  Sections  A  and  B,  or-to 
Sections  A  and  C ;  and  you  must  not  answer  more  than  four  questions 
in  either  section. 

Yon  must  not  answer  more  than  eight  questions  altogether. 

The  number  of  marks  assigned  to  each  question  is  given  in  brackets. 


Section  A, 

41.  Find  the  values  of  a  and  6  for  which  the  expression 

ay(n+l)         .  2V(n)  .  y/{n^\) 

i/C«)+v^(«-l)  ^  y(»-l)+y(n+l)  "^  v^(n+l)+v^(a) 
equals  lero.  (36.) 

C  S 
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42.  Solve  the  equations : — 

af2+2yz=:yH2arz  =  |,        z»+2«y  =  -3-  •  (35.) 

43.  Explain  why  the  number  of  pennntations  of  11  different  things  taken 

two  and  two  together  is  ii(n— 1). 

How  many  different  permutations  can  be  made  of  two  0*8  and  p 
other  different  letters  taken  two  and  two  together  P  (35.) 

44.  Write  down  and  simplify  the  first  four  terms  and  the  (r+l)th 
term  of  iht  expansion  of  (I— 4f)-~i;  6nd  also  the  middle  term  of 


i-d' 


(35.) 

45.  A  line  of  given  length  moves  between  two  lines  at  right  angles  to 
each  other,  having  one  of  its  ends  on  e&oh  of  them ;  find  when  its 
centre  is  at  a  minimum  distance  from  a  given  line.  (40.) 

46.  A,  B,  C  are  thretf  points  on  the  circumference  of  a  circle ;  D  is  the 
middle  point  of  tne  arc  AB  and  E  is  the  middle  point  of  the  arc 
BC ;  draw  the  chord  CE ;  join  AE  and  CD  intersecting  in  F;  show 
that  CE  is  equal  to  EF.  (40.) 


Section  B. 

47.  Find  geometrically  sin  18°  and  sin  54°  in  a  surd  form,  and  show 
that  they  are  the  roots  of  the  equation — 

4«»-2»^5+l=0.  (30.) 

48.  If  the  vertex.  A,  of  a  triangle  ABC  is  joined  to  any  point,  D,  of  the 
base,  show  that— 

BC  ootan  ADC=DC  ootan  B^BD  cotan  C.  (35.) 

49.  If  a  triangle  ABC  is  divided  into  two  right-angled  triangles  by  a 
line  drawn  from  A  at  right  angles  to  BC,  show  that  twice  the  diffe- 
rence of  the  areas  of  the  right-angled  triangles  la  be  sin  (B— C),  and 
hence  show  that — 

ft*  sin  2C— c>  sin  2B=26c  tin  (B— C).  (35.) 

50.  A  and  B  are  two  stations  1,000  feet  apart;  P  and  Q  are  two  stations 
in  the  same  plane  as  AB,  and  on  the  same  side  of  it;  the  angles 
PAB,  PBA,  QAB,and  QBA  are  75°,  30°,  46^  and  £K)°  respectively ; 
find  how  far  P  is  from  Q,  and  how  far  each  of  them  is  from  A  and 
from  B.  (35.) 

51.  Find  an  expression  for  the  area  of  a  regular  polygon  of  n  sides  in- 
scribed in  a  given  circle. 

Six  equal  circles,  of  radius  a,  are  placed  so  that  each  touches  two 
others,  their  centres  being  all  on  the  circumference  of  a  circle ;  find 
the  area  which  they  enclose.  (40.) 

52.  Find  the  radius  of  the  circle  inscribed  in  a  given  triangle. 

If  r  is  the  radius  of  the  circle  inscribed  in  the  triangle  ABC,  and 
a,  0,  y,  the  distances  of  the  angular  points  from  the  centre  of  the 
circle,  show  that  ufiygszabcr,  (40.) 
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Section  C. 

53.  Show  that  the  angle,  suhtended  at  the  centre  of  a  sphere  by  the  arc 
of  a  great  circle  joining  the  poles  of  two  great  circles,  is  equid  to 
the  angle  of  inclination  of  the  planes  of  the  circles. 

Let  ABC  be  a  spherical  triangle  with  a  right  angle  at  C;  pro- 
duce BA  to  D,  making  B  D  a  quadrant ;  and  CA  to  E,  making 
C£  a  quadrant ;  join  0£ ;  find  geometrically  the  sides  and  angles 
ofADE.  (40.) 

54.  Investigate  the  formula  expressing  the  cosine  of  an  angle  of  a 
spherical  triangle  ABC  in  terms  of  the  sines  and  cosines  of  the 
sides.  If  6+c=}r,  show  that  the  arc  of  a  great  circle  drawn  from 
A  to  the  middle  point  of  BC  is  a  quadrant.  (35.) 

55.  ABC  is  a  spherical  triangle  in  which  C  is  a  right-angle ;  show  that 
cos  c  =  cotan  A  cotan  B. 

Given  A  =  1 15^  B  =  45° ;  find  c.  (30.) 

56.  ABC  is  a  spherical  triangle  in  which  C  is  a  right  angle :  if  '  is  the 
arc  of  a  great  circle  drawn  from  C  to  meet  AB  at  right  angles,  show 
that— 

(a.)  sin'*  sin*c=sin'ii+sin*5— sin'c. 

(6.)  cos*»=coa«A+cos2B.  (40.) 

57.  Express  the  sine,  cosine,  and  tangent  of  half  a  side  of  a  spherical 
triangle,  as  functions  of  the  angles. 

Given  A=:90«>,  B=120»,  C=135*' ;  find  sin  ?  •        (30.) 

58.  In  the  spherical  triangle  ABC,  having  given  a=:\OQP,  B=80^, 
C=:120° ;  find  ^  and  c  by  aid  of  Napier's  analogies.  (35.) 


Honours  Examination. 

Instructions. 


Read  the  General  Instructions  on  p.  30. 
You  may  not  answer  more  than  ten  questions. 
The  same  value  is  attached  to  each  question. 

61.  If  the  sauare  root  of  a-^2^b-^2y/c-\'2^d  can  be  extracted  in  the 
form  v«+ v^y+-s/«,  show  that — 

a^cd=(bc+cd-\-db)\ 

62.  Show  that  the  sum  of  tlie  infinite  series— 

+  ''^"+}^"+^y+  .  .  .  .       ~ 

iBequalto(l-*)-(*+i). '  '      ' 

Show  that  the  sum  of  the  first  n  ooeffloients  in  tha  expaaskm 
(1+»)"(1— af)-8  in  ascending  powers  of  « is  ji(ii-|-3),2»»-'. 
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63.  ReaolTe  the  following  into  their  partial  fractions : — 

(«•)  («-l)«(««+4)'  ^*-^  (««l)V+4) • 

64.  If  »  be  a  prune  number,  and  m  any  number  prime  to  n,  show  that 
m"^*--l  IS  divisible  by  «. 

If  m  and  n  be  both  prime  numbers,  show  that  m"~^  +  fi"-^  when 
divided  by  mn  leaves  a  remainder  I. 

65.  Find  (a)  in  a  surd  form,  (b)  in  a  decimal  form  the  coefficient  of  a^  in 
the  expansion  of  («+  ^2)1+  v^  in  ascending  powers  of  «. 

66.  A  line  AB  is  divided  in  C  so  that  CB  is  double  AC,  and  circles  are 
described  on  AC  and  CB  as  diameters ;  show  how  to  draw  through 
A  a  line  such  that  the  chords  intercepted  by  the  two  circles  may 
be  equal. 

67.  Show  how  to  describe  the  greatest  equilateral  triangle,  each  side  of 
which  passes  through  a  vertex  of  a  given  triangle. 

68.  Through  C  the  middle  point  of  the  arc  ACB  of  a  giv^en  drde,  any 

chord  CD  is  drawn  cutting  the  strught  line  AB  in  E ;  find  ti^e 
locus  of  the  centre  of  the  circle  passing  through  B,  D  and  E. 

69.  Let  O  be  the  centre  of  the  circle  circumscribing  a  triangle  ABC ; 
let  CO  make  angles  B  and  ^  with  the  sides  CA  and  CB ;  show 
that- 
ch COS  0  cos  ^  =  a&  sin'C. 

70.  Find  the  values  of  B  which  satisfjr  the  equation  sin  59  =  sin  9. 

Find  the  limits  within  which  the  values  of  0  must  lie,  which 
make  sin  3e  negative. 

71.  Find  in  terms  of  the  given  angles,  a  and  fi,  the  values  of  ^  which 
satisfy  the  equations  : — 

cos  6  =z  cos  a  sec  ^  +  sin  iB  tan  0. 
sin  tf  =  sin  a  sec  ^  +  cos  /9  tan  ^. 

72.  Show  that  in  any  plane  triangle — 

(#-«)»  sin  A+(s-5)«  sin  B+(«-c)8  sin  C=2s(»in«  ^  -|- 

where  S  denotes  the  area  of  the  triangle. 

73.  Assumioff  the  resolution  of  ^r^  --  2«*  cos  a  -f  i  into  quadratic 
fisctors,  show  that — 

(a.)  2  sin  tf  =  ±  2-  sin  - .  sin  ^  sin  ?^  .  .  . 
II  n  II 

sm  ^ '—^ — 

II 

(5.)«n.  =  .(l-5)(l.^)(l-3^)... 

74.  If  tan-»(cos  e  +  ^/PT) .  sin  «)  =  «  +  ^/PI)  •  y,  where  the  letters 
denote  real  quantities,  find  9  and  y  in  terms  of  $, 
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75.  Show  that  the  arcs  of  great  circles  loining  the  middle  points  of  the 
sides  of  a  spherical  triangle  meet  the  opposite  sides  in  points  which 
lie  on  a  great  circle ;  and  if  a  great  circle  be  drawn  through  each 
angle  perpendicular  to  the  arc  which  bisects  the  sides  containing 
that  angle,  show  that  these  circles  have  a  common  diameter. 

76.  If  A,  B,  C  is  a  spherical  triangle  whose  angles  are  together  equal  to 
four  right  angles,  show  that — 

tan  I  tang  tan  1=  v^(- sec  A  sec  B  sec  C). 

and  show  from  ^metrical  considerations  that  the  right-hand  side 
of  the  equation  is  real. 


Tablbs  Reouirbd. 
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SUBJECT  V.    PURE  HATHEKATICS, 
STAGES  4  &  5. 

Examiner,  T.  P.  WRIGLEY,  Esa.,  M.A. 


General  Instructions. 
If  the  rules  are  not  attended  to,  the  paper  will  be  cancalled. 

You  are  permitted  to  answer  questions  from  the  Fourth  Stage,  or  from 
the  Fifth  Stage,  or  from  the  Honours  paper,  but  you  must  confine  your- 
self to  one  of  them. 

Put  the  number  of  the  question  before  your  answer. 

The  figures  in  descriptive  geometry  should  not  only  be  constructed 
with  ruler  and  compasses,  but  the  construction  should  in  all  cases  be 
explained  and  its  accuracy  demonstrated. 

You  are  to  confine  your  answers  strictly  to  the  questions  proposed. 

Your  name  is  not  given  to  the  Examiner,  and  you  are  forbidden  to 
write  to  him  about  your  answers. 

The  eooamination  in  this  subject  lasts  for  three  hours. 


Fourtli  Stage. — Subjects :  Tlane,  Solid,  and  ]>eBeriptiTe 
Oeometry  and  Oeometrical  Conies. 

Instructions. 

You  are  not  permitted  to  attempt  more  than  ei^ht  questions,  and  may 
select  them  from  any  part  of  the  paper. 
The  values  attachea  to  the  questions  are  shown  in  brackets. 


Give  the  necessary  and  sufficient  conditions  that  two  triangles  may 
be  similar :  also  that  two  poljrgone  majr  be  similar. 

Show  that  the  areas  oi  similar  triangles  are  as  the  squares  on 
corres}>onding  sides. 

A  triangle  and  a  parallelogram  have  a  common  angle,  and  the 
area  of  the  triangle  is  three  times  that  of  the  parallelogram ;  give 
the  relation  connecting  those  sides  of  the  two  figures  which  contain 
the  common  angle.  (18.) 

Show  how  to  trisect  the  arc  of  a  circle  whose  chord  is  the  side  of  a 
regular  pentagon  inscribed  in  the  circle. 

If  reguhv  figures  of  five,  six,  and  ten  sides  respeetivelv  be  in- 
scribed in  the  same  circle,  show  that  the  square  on  a  side  of  the 
hexagon  and  the  square  on  a  side  of  the  decagon  are  together  equal 
to  the  square  on  a  side  of  the  pentagon.  (IST) 
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3.  If  four  pftiallel  Unei  are  given  in  position,  tkcfw  that  thejr  cut  off 
on  any  tsansvene  line  segments  which  are  in  a  constant  ratio. 

Similar  and  similarly  situated  polygons  are  described  on  A6  and 
CD,  which  are  given  unequal  parallel  lines.  Show  that  all  the 
lines  joining  corresponding  corners  meet  at  a  point.  (16.) 

4.  If  two  lines  which  intersect  are  respectively  parallel  to  two  other 
intersecting  lines,  show  that  the  plane  of  the  former  pair  is  parallel 
to  the  plane  of  the  latter  pair,  or  coincident  with  it. 

A  pyramid  on  a  four-sided  base  is  cut  by  any  number  of  parallel 
planes ;  show  that  the  sections  are  simiiar  figures,  and  that  the 
points  of  intersection  of  the  diagonals  of  all  the  sections  are  in  a 
straight  line.  (18.) 

5.  PABCD  is  a  pyramid  whose  base  ABCD  is  a  square.  QEFG  is 
another  pyramid  whose  base  EFG  is  an  eq^uilatend  trianf;le.  AB 
is  equal  to  EF,  and  each  edge  terminated  m  P  or  in  Q  is  double 
AB.  Compare  the  volumes,  and  also  the  surfaces  of  these 
pyramids,  and  find  the  radii  of  their  circumscribing  spheres. 

(20.) 

6.  Having  given  a  sphere  of  radius  a,  find  the  volume  of  a  segment 
thereof,  whose  height  is  h, 

A  hollow  inverted  cone,  whose  vertical  angle  is  60^  and  height 
7  inches,  is  filled  with  water.  Find  the  volume  of  water  displaced 
by  inunersing  a  sphere  of  radius  3  inches,  until  it  rests  in  contact 
with  the  cone.  Fmd  also  the  surface  of  the  cone  which  will 
remain  under  water  when  the  sphere  is  withdrawn.  (20.) 

7.  Define  the  projections  of  a  point,  and  the  traces  of  a  plane.  Having 
given  a  plane  whose  traces  are  both  oblique  to  the  axis,  and  the 
vertical  projection  of  a  point  situated  on  the  plane,  find  the  hori- 
aontal  projection  of  the  point  Find  also  the  position  the  point 
will  occupy  when  the  plane  is  rabatted  round  its  honiontat  trace  so 
as  to  coincide  with  the  horizontal  plane.  (16.) 

8.  Having  given  the  projections  of  a  line  and  the  traces  of  a  plane 
which  cuts  it,  find  the  projections  of  the  point  of  intersection.  Find 
also  the  angles  which  toe  line  makes  witn  the  horisontal  plane  and 
with  the  given  plane  respectively.  (18.) 

9.  Having  given  the  three  plane  angles  of  a  trihedral  solid  angle, 
show  how  to  construct  in  the  plane  of  the  paper  an  angle  equal  to 
the  dihedral  angle  between  any  two  of  the  laoes  of  the  solid  angle. 

(18.) 

10.  Show  that  tangents  drawn  to  a  parabola  at  the  extremities  of  a 
series  of  parallel  chords  intersect  on  the  diameter  of  the  chords. 

Find  three  points  P,  Q,  R,  on  a  given  parabola,  such  that  the 
triangle  PQR  may  have  its  sides  parallel  to  three  given  straight 
lines.  (200 

11.  Define  an  ellipse,  and  show  from  your  definition  that  a  cirole  is  a 
particular  case  of  an  ellipse. 

Show  that  the  feet  of  perpendiculars  from  the  fod  of  an  ellipse 
upon  all  tangents  to  the  curve  are  equidistant  from  the  centre  of 
the  ellipse. 

Two  ellipses  have  a  common  centre;  their  mi^oraxes  are  inclined 
at  an  angle  a,  and  the  lengths  of  their  axes  are  4,  3,  and  4,  2,  re- 
spectively.   Show  how  to  draw  their  common  tangents.        (18.) 
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12.  If  tengents  be  drawn  from  a  point  P  to  any  ounic  section  whoie 
focus  IS  S,  and  if  Q,  Q'  be  the  points  of  contact;  show  that  PQ, 
PQf  subtend  equal  angles  at  S. 

If  PQRT  be  a  given  quadrilateral,  and  S  a  focus  of  the  ellipse 
inscribed  therein,  show  that  the  sum  of  the  angles  STR  and  SRT  is 
equal  to  the  angle  PSa  (18.) 


Fifth  Stage.— Subjects:  DeseriptiTe  Geometry ,  Spherical 
Trigonometry,  Co-ordinate  Geometry  of  two  and  of 
three  dimensions. 


Inrtructions. 

Read  the  General  Instructions  at  the  head  of  the  Fourth  Stage  paper. 
You  are  not  permitted  to  attempt  more  than  eig^  questionsy  snd 
may  select  them  m>m  any  part  of  the  paper. 
The  marks  assigned  to  the  questions  are  shown  in  brackets. 


21.  The  radius  of  a  sphere  and  the  projections  of  its  centre  being  given, 
also  the  projections  of  a  line  wnich  intersects  the  sphere ;  find  the 
projections  of  the  points  of  intersection,  and  the  actual  distance 
between  them.  (35.) 

22.  Having  given  the  projections  of  the  base  and  of  one  of  the  genent- 
ing  lines  of  a  cyhnder,  and  also  those  of  a  line  AB  which  is  not 
parallel  to  the  axis  of  the  cylinder,  find  the  traces  of  those  tangent 
planes  to  the  cylinder  which  are  parallel  to  AB. 

Within  what  limits  must  the  angle  between  AB  and  the  verti- 
cal plane  lie,  in  order  that  the  problem  may  admit  of  solution  P 

(35.) 

23.  Define  supplemental  triangles,  and  point  out  how  they  may  be  used 
to  establisQ  relations  between  the  sides  and  angles  of  a  spherical 
triangle.  What  limitations  are  there  to  the  magnitudes  of  the 
parts  of  a  spherical  triangle  P    If  each  of  the  sides  of  a  spherical 

triangle  be  2*  ^^  ^«  angles.  (30.) 

24.  If  ABP,  ABQ,  be  two  spherical  triangles  of  the  same  perimeter, 
and  D  be  the  middle  point  of  the  common  side,  show  that — 


AP-BP 
cos  DP  _^         2 
cosDQ""     AQ—BQ'^ 


(36.) 
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25.  Establisli  the  fonnola — 

tan  -  =  ^  /gin  (<  —  b)  sin  (<  -  c)^ 
2       A/       sin  s  .  sin  (s  —  a) 

in  the  case  of  a  spherical  triangle  ABC. 

Two  fixed  flrreat  circles  intersect  in  A,  and  are  cut  in  P  and  Q  by 
a  third  great  circle  whose  position  is  yariable. 

Show  that  if  the  sum  oi  the  sides  of  the  spherical  triangle  APQ 
be  kept  constant,  the  circle  PQ  always  touches  two  fixed  small 
circles.  (40.) 

26.  Establish  the  formula  for  the  length  of  the  perpendicular  drawn 
from  a  given  point  {h,  k)  upon  a  given  straight  line,  -  +  ?  =  1. 

If  a  straight  line  move  so  that  the  sum  of  the  perpendiculars 
let  fall  upon  it  fh)m  two  fixed  points  (3,  4),  (7,  2)  is  equal  to  three 
times  the  perpendicular  from  a  third  fixed  point  (1 ,  3) ;  show  that 
there  is  another  fixed  point  through  which  this  line  always  passes, 
and  find  its  co-ordinates.  (35.) 

27-  Given  the  circle  whose  equation  is 

find  the  equation  of  the  circle  which  passes  through  the  points 
(1,  1)  (2,  —  1,)  (3,  2),  also  the  equation  of  its  common  tauffents 
with  the  given  circie,  and  the  length  of  the  common  chord.    (35.) 

28.  Obtain  the  equation  of  the  normal  at  a  given  point  of  the 
parabola  y^  =■  4ax ;  and  find  the  lengths  of  the  normals  drawn 
irom  the  point  on  the  axis  distant  8a  from  the  focus.  (35.) 

29.  Define  the  asymptotes  of  a  hvperbola. 

If  the  centre  of  the  hyperbola,  whose  excentricity  is  2,  is  at  the 
focus  of  the  parabola  y*  =  4ojr,  and  if  one  of  the  foci  of  the 
hyperbola  is  at  the  vertex  of  the  parabola,  find  the  equation  of  the 
asymptotes. 

Find  also  the  area  of  the  quadrilateral,  PFQQ'  determined  by 
the  points  of  intersection  of  the  asymptotes  with  the  parabola. 

(40.) 

30.  Show  that  3x  —  2y  +  ^  =  2  denotes  a  plane,  and  indicate  by  a 
diagram  the  position  of  the  plane. 

A  line  passes  through  the  jpoint  (1,  2,  1),  and  is  inclined  30°  to 
this  plane ;  find  the  lenf;th  of  the  segment  between  the  given  point 
and  the  point  of  intersection  with  the  plane,  and  also  the  locus  of 
the  point  of  iotersection.  (35.) 

31.  Find  the  equation  connecting  the  direction  cosines  of  a  straight 
line. 

The  square  ABCD  is  the  base  of  a  regular  pyramid,  whose 
vertex  is  V,  and  whose  height  is  double  AB.  V  is  the  vertex  of  a 
regular  tetrahedron  whose  base  ABE  lies  within  the  square.  Find 
the  distance  VV,  and  the  cosine  of  the  angle  YAW  (40.) 

32.  Find  the  condition  that  the  equations 

Aa?  +  By  +  Cr  +  D  =  0 
A'x+BV  +  Crr  +  D'  =  0 

may  represent  two  planes  at  right  angles. 

Find  also  the  equation  of  the  line  passing  through  the  point 
(3, 1,  —2)  which  cuts  4;p  +  y  -  iP  =  7  at  right  angles.  (40.) 
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Kanonrft  Sxasninatioii. 

Instauctiokb. 

Read  the  General  lastructions  at  the  head  of  the  Fourih  Stage  paper. 

Yoa  are  only  permitted  to  attempt  eight  questions,  and  may  select 
them  from  any  part  of  the  paper. 

The  ^ues  attached  to  the  questions  are  shown  in  hrackets. 


41.  If  FOBS  be  a  quadrilateral  inscribed  in  a  conic,  prove  that  the 
intersections  of  opposite  sides  and  the  intersections  of  tangents  at 
opposite  angular  points  are  collinear.  What  is  the  pole  of  the 
straight  line  containing  the  points  of  intersection  7  (60.) 

42.  The  axes  of  two  right  circular  ejlinders  which  inteneot  each  otiier 
meet  at  right  angles ;  show  that  if  the  cylinders  be  devdoped,  the 
equation  of  the  curve  of  section  on  the  plane  of  development  is  of 
the  form 


2«»  -  ft«  cos  ^  =  2a«  -  ft«. 


(56.) 


43.  Investigate  the  harmonic  properties  of  a  complete  quadrilateral 

Show  that  the  middle  points  of  the  three  aiagonab  of  a  complete 
quadrilateral  lie  on  a  straight  line.  (55.) 

44.  What  is  the  condition  that  the  general  equation  of  the  second 

degree  in  trilinear  co-ortiinates  may  represent  a  circle  P 

Show  that  the  equation  to  the  circle  which  passes  through  the 
centres  of  the  three  escribed  drcles  of  the  fundamental  triang^  is 

oi^r  +  ftr»  +  c«i9  +  («  +  3  +  r)  (««  +  W  +  cr)  =  0. 

(65.) 

45.  Show  that  in  the  hyperboloid  whose  equation  is 

o«  +  ft«       c«  "  *' 

there  are  two  systems  of  generating  lines,  and  that  the  perpen- 
diculars let  fall  mm  the  origin  upon  these  generating  lines  all  lie 
upon  the  cone, 

^  (&«  +  c«)«  -r  ^,  (c«  +  ar-  -  g  (««  -  J«)«  =  0. 

(65.) 

46.  Having  given  the  traces  of  a  plane  which  cuts  the  axis  and  both 
planes  of  projection  obliquely;  also  the  distances  from  the  plane 
of  three  points  on  the  same  side  of  it ;  find  the  projections  of  the 
centre  of  the  sphere  which  passes  through  these  points  and  touches 
the  given  plane.  (60.) 

47.  Show  that  it  is  possible  to  describe  three  quadrics,  concentric  and 
concydic  with  a  given  quadri<^  so  as  to  touch  a  given  plane. 

(60.) 
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48.  Show  that  if  a  cuire  of  the  tiiird  degree  haye  three  real  points  of 
inflection>  they  must  lie  on  a  straight  line.  (60.) 

49.  Show  that  all  central  planes  which  touch  an  anchor-ring,  cut  the 
surfibce  in  two  circles. 

A  surface  is  generated  hj  the  revolution  of  an  ellipse  about  an 
axis  in  its  own  plane ;  find  the  curves  in  which  any  double  tangent 
plane  cuts  the  surface.  (65.) 

50.  If  the  sides  of  a  spherical  triangle  be  small  compared  with  the 
radius  of  the  sphere,  prove  that  each  angle  of  the  spherical  triangle 
exceeds  by  one-third  of  the  spherical  excess  the  corresponding  angle 
of  the  plane  triangle,  the  sides  of  which  are  of  the  same  length  as 
the  arcs  of  the  spherical  triangle.  (50.) 


SUBJECT  V.     PURE  MATHEMATICS, 
STAGES  6  &  7. 

Examiner,  P.  T.  WRIGLEY,  Esa.,  M.A. 


Gbnb&al  Instructions. 
If  the  mlefi  are  not  attended  to,  the  paper  will  be  cancelled. 

You  are  permitted  to  answer  questions  f^m  the  Sixth  Stage,  or  from 
the  Seventh  Stage,  or  from  the  Honours  paper,  but  you  must  confine 
yourself  to  one  of  them. 

Put  the  number  of  the  question  before  your  answer. 

You  are  to  confine  your  answers  strictly  to  the  questions  proposed. 

Your  name  is  not  given  to  the  Examiner,  and  you  are  forbidden  to 
write  to  him  about  your  answers. 

The  examinatum  in  this  subject  lasts  for  three  hours. 


Sixth  Stage.— Subjects:  Dilferentlal  Caleulus  and 
Integral  Calcnliis* 

Instructions. 

Yon  are  only  permitted  to  attempt  eight  questions,  and  may  select 
them  from  any  part  of  the  paper. 

The  values  attached  to  the  questions  are  shown  in  brackets. 
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1.  Define  a  diflefenikl  ooeflicient    If  «  denote  the  popnktion  of  a 
oonntry,  and  y  the  number  of  yean  that  have  elapsed  since  a  fixed 

date,  what  is  the  meaning  of  j-  ,  and  j-^  respectively  P 

Obtain  the  differential  coefficients  of  the    following   expres- 
sions:— 

and  (sin  ;r  .  cos  «  .  cos  2«  .  cos  4x),  (35.) 


V2tI* 


2.  Find  the  »th  diffierential  coefficient  with  respect  to  Jt  of  the  following 

expressions :— • 

(a)    a-cosSx,  (/9)    If  cos  c  cos  2x.  (dO.) 

3.  Establish  Maclaurin's  theorem,  and  apply  it  to  find  the  expannon 

of  log  (2  —  x)  in  a  series  of  ascending  powers  of  «.     Show  under 
what  cireumstanoes  the  series  is  convergent.  (30.) 

4.  Obtain  the  equation  of  the  tangent  at  a  given  point  («'» yO  of  a 

curve  whose  equation  isfix,  y)  =  0. 

Write    down    the   equation    of    the    tangent    to    the    curve 
aBttS=a'(2a— x)  at  the  point  where  it  is  met  by  the  line  x— y=U. 

(30.) 

5.  Establish  a  rule  for  testing  whether,  when  x  has  a  particular  value, 

a  given  function  of  x  has  a  minimum  value. 

The  lengths  of  the  sides  of  a  triangle  are  4,  5,  and  6  units 
respectively ;  find  the  shortest  line  which  will  bisect  the  triangle. 

6.  Explain  a  general  method  for  finding  all  the  rectilinear  asymptotes 

oz  a  given  curve.    Apply  it  to  discover  the  asymptote  of  the 
curve 

x>(y-2a)  +r»(y«-3«^-oy +ax=0.  (35.) 

7.  How  may  we  obtain  a  measure  of  the  curvature  at  a  given  point  of 

acurveP 

Find_the  equation   of   the  circle  of   curvature  at  the  point 
x=a  y/3,  y  =:a  of  the  curve 

(x-hy-a)2=:2«y+a».  (40.) 

8.  Explain  the  method  of  substituting  a  new  variable  in  the  process 

of  integration :  what  alteration  must  be  made  in  the  limits  of  the 
integrdP 

Integrate  the  following  integrals : 


f     (24-g)<fc  f      dx  n      dx 

J   ^l+x-««'  Jx»,/2+?'  J,xy?^5 


3 

(36.) 
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9.  Show   that    any  rational  fraction  whose  denominator    admits  of 

resolution  into  real  factors  of  the  first  or  second  degree  can  be 
broken  up  into  a  series  of  fractions  which  can  be  separately 
integrated. 

Find  the  integral  of  (^(^=5=?^.  (30) 

10.  Obtain  the  following  definite  integrals : — 

Jo  Jo  C08*»  J  0 

(40.) 

11.  Find  the  area  included  between  the  curve  ^  =  „  j,  .  .,  <.,  and  the 

straight  line  lly— 8jr-|-9c=0.  Find  also  the  length  of  the  cur'/i- 
linear  portion  of  the  perimeter  of  this  area.  (45.) 

12.  Having  given  an  ellipse,  whose  excentricity  is  ^,  and  a  circle  of 
equal  area,  which  touches  the  ellipse,  at  one  extremity  of  the 
major  axis ;  compare  the  surfaces  of  the  solids  generated  by  the 
revolution  of  these  curves  about  the  tangent  at  their  common 
point.  (36.) 


Serenfh  Stage. — Subjects:  Differential  Calcnlusy  Inte- 
gral Calcnhuiy  IHfferential  Equationsi  and  Finite 
Differences. 

Instructions. 

Read  the  General  Instructions  at  the  head  of  the  Sixth  Stage  paper. 

You  are  only  permitted  to  attempt  eight  questions,  and  may  select 
them  from  any  part  of  the  paper. 

The  values  attached  to  the  questions  are  shown  in  brackets. 


21.  Define  partial  differentiation,  and  illustrate  by  a  geometrical 
example. 

Explain  its  application  to  the  elimination  of  arbitrary  functions ; 
and  u  «=^(a7+ay)+/(a7— ay),  find  a  relation  between  the  vari- 
ables and  constants  which  does  not  involve  the  arbitrary  functions 
<^and/.  (40.) 

22.  Find  the  equations  of  the  tangent  line,  the  osculating  plane,  and 
the  principal  normal  at  the  point  (d/,  y',  «')  of  the  h&x,  given  by 
the  equations  «=a  cos  9,  y^^a  sin  B,  z=hO,  (45.) 

23.  Find  the  locus  of  a  point  which  moves  so  that  the  area  of  the 
triangle  formed  by  the  tangent,  the  normal,  and  the  line  through 
the  pole  at  right  angles  to  the  radius  vector  is  constant.        (45.) 
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24.  Find  the  Tolume  oontaiiied   between  tiie  qylinderi  j'^uiy  and 
y*=bx  and  the  pkoes  x^b  and  jr=0«  (50.)  ^ 

25.  Knd  the  value  of  the  integral 

fff        dxdydz 


the    integration    extending    to   all    points   within    the   sphere 


26.  Establish  a  rule  for  finding  integrating  factors  for  homogeneous 
linear  equations  of  the  first  order  and  fint  degree. 
Integrate  the  equations : 

^  ^  dx     ap-7y 


W  (l-^)Jf  +  2«y-fl««=0. 


'dx 


(45.) 


27.  What  is  a  singular  solution  of  a  differential  equation  P  Show  how 
it  is  related  to  the  general  primitiTe,  and  give  a  geometrical  illus- 
tration. 

Solve  the  following  equations : — 

a^|f-2(*y^l)g+y«=0.  (55.) 

28.  Show  how  to  integrate  the  general  linear  dififerential  equation  with 
constant  coefficients. 

Integrate  the  following  equations : — 

^— a»y=cos  bx-he".  (50.) 

29.  Solve  the  partial  difEerential  equations : — 

dx  dy 


e^'-bx-y^e^+X"^ 


=zdz.  (50.) 


30.  Show  that  the  mth  differences  of  a  rational  integral  function  of 
the  nth  degree  are  of  the  (a— m)th  degree  if  m  be  less  than  n,  and 
vanish  if  m  be  greater  than  n. 

If  »(«-.l)(»-.2)  .  .  .  (»-n+l)~«^«>,  find  A-^^^. 

Find  also  the  values  of  A»^^^I"      V  and  a*  cos'  (ax+h), 

(50.) 
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3).  If  »«  be  function  of  a?,  show  that 

Find  a  rational  integral  function  of  x  which  assumes  the  values 
37,  11,  13, 29,  when  x  is  equal  to  2,  1,  —1,  —2,  respectively. 

(45.) 

32.  Apply  the  calculus  of  finite  differences  to  obtain  the  sum  of  n 
terms  of  each  of  the  followinj^r  series : 

O)  _JL___J .  _     1 

^     '        >;«    A  ^trya  QA  A/«a   OA  .in  QA  T*  _;^ 


sin  e  cos  2tf     cos  20  sin  3^  "^  sin  3a  ccs  4^       '  '  '  '    (46.) 


Honours  Examination. 


Instructions. 


Read  the  General  Instructions  at  the  head  of  the  Elementary  paper. 

You  are  only  permitted  to  attempt  eight  questions,  and  may  select 
them  from  any  part  of  the  paper. 

The  values  attached  to  the  questions  differ  but  little   from  one 
another. 


41.  Show  how  to  expand  a  given  function /(d?)  in  a  series  of  ascending 
powers  of  another  given  function  ^x). 

Prove  that 

e*'  =  1  -h  axe*'  +  a  (a  —  2b)  f^  e^' 

+  a(a^3byj^^e-' 
+ 

42.  Obtain  the  values  of  the  following  definite  integrals  : — 

rar^e^dx,  f  e—  cos**  xdx, 

43.  Find  the  differential  equation  of  a  curve  in  which  the  length  of  an 
arc  measured  from  a  fixed  point  is  a  given  function  of  the  abscissa 
of  the>  other  end  of  the  arc ;  hence  find  the  nature  of  the  curve 
g^ven  by  the  equation 

«=  v/  (a?  —  a)  («  +  a). 
o    55078.  J) 
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44.  Show  that  ^x,  y,z)  =  0  repiesente  a  conical  surface  when 

vanishes  identicaUj. 

Find  the  equation  of  a  conical  surface  which  shall  envelop  a 
given  ellipsoia  and  have  its  vertex  at  a  given  point.  What  is  the 
locus  of  tne  vertex  for  which  the  tangent  cone  is  a  cone  of  revolu- 
tion? 

45.  Having  given  the  length  /  of  the  axis,  and  the  area  of  the  curved 
surface  generated  by  the  revolution  of  the  curve  y  =/[«)  abcut  the 

axis  of  X,  show  that  if  [    %*dg  be  a  maximum,  the  radius  of  cur- 


;  of  thi 


vature  at  any  point  of  the  curve  is  one  third  of  the  normal. 

46.  Explain  the  method  of  obtaining  the  solution  of  the  linear  differen- 
tial equation  of  the  second  order 

where  P,  Q,  R  are  given  functions  of  x. 
Solve  the  equation 

47.  Define  a  line  of  curvature  on  a  surface.  If  two  surfaces  cut 
orthogonally,  and  if  their  intersection  is  a  line  of  curvature  on  one 
surface,  show  that  it  is  also  a  line  of  curvature  on  the  other. 

48.  Explain  what  is  meant  by  the  integral  curvature  of  a  portion  of  a 
curved  surface. 

Show  that  the  integral  curvatures  of  the  portions  of  the  ellipsoid 
-J  +  ^  4-  p  =  If  cut  off  by  the  cone  ^  -f  |-^  =r  ^  are  in  the  ratio 
of  8  — 2^2  to  1. 

49.  Show  that  if  F  be  any  fimction  of  x,  y,  z,  and  S  a  surface  bounded 
by  a  closed  curve, 

in  which  /,  m,  n  are  the  direction-cosines  of  the  normal  to  S  at  any 
point,  and  the  integnds  are  taken  round  the  closed  curve  and  over 
the  surface  S  respectively. 

50.  Obtain  a  ^neral  expression  for  determining  any  one  of  BemouiUi's 
numbers  m  terms  of  the  successive  difEerences  of  zero. 

Fmd  by  means  of  your  formula  the  first  l^ree  of  these  numbers. 
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SUBJECT  VI.     THEOBETICAL  MECHANICS. 

Examiner,  REV,  J.  F.  TWISDEN,  M.A. 


Gknbral  Instructions. 
If  the  mles  are  not  attended  to,  yoTur  papers  will  be  cancelled. 

You  may  take  the  Elementary,  or  the  Advanced,  or  the  Honours 
paper,  but  you  must  confine  yourself  to  one  of  them. 

Put  the  number  of  the  question  before  your  answer. 

The  value  attached  to  each  question  is  shown  in  brackets  after  the 
question.  But  a  full  and  correct  answer  to  an  easy  questicm  will  in  all 
cases  secure  a  larger  number  of  marks  than  an  incomplete  or  inexact 
answer  to  a  more  difficult  one. 

You  are  to  confine  your  answers  strictly  to  the  questions  proposed. 

Your  name  is  not  given  to  the  Examiner,  and  you  are  forbidden  to 
write  to  him  about  your  answers. 

The  examination  in  this  subject  lasts  for  three  hours. 


First  Stage  or  Elementary  Ezaminatioii* 

Instructions. 

You  are  not  permitted  to  attempt  more  than  seven  questions.  You 
may  select  them  from  any  part  of  the  paper. 


1 .  State  how  to  find  the  centre  of  gravity  of  two  particles  whose  masses 
are  given,  and  which  are  placed  a  given  distance  apart. 

If  the  masses  are  5  and  7  units,  and  they  are  placed  3  feet  apart, 
how  far  is  their  centre  of  gravity  from  each  of  them  P  (10.) 

2.  Two  forces  of  8  and  12  units  act  at  a  point  A,  from  A  to  P  and  A 
to  Q  respectively ;  PAQ  is  an  angle  of  72° ;  find  by  a  construction 
drawn  to  scale  the  number  of  units  in  the  force  which  balances 
them,  and  the  number  of  degrees  in  the  angles  its  direction  makes 
with  AP  and  AQ.  (12.) 

3.  AB  is  a  rod  that  can  turn  freely  round  one  end,  A;  the  other  end, 
B,  rests  against  a  smooth  inclined  plane ;  in  what  direction  does 
the  plane  react  upon  the  rod  P  Illustrate  your  answer  by  a  diamm 
showing  the  rod,  the  plane,  and  the  reaction.  (10.) 

4.  ABCD  is  a  souare,  each  side  of  which  is  2  feet  long;  forces  of  10 
and  12  pounas  act  from  A  to  D  and  from  A  to  B  respectivdy ;  find 
(a)  the  algebraical  sum  of  the  moments  of  the  forces  with  respect 
to  C ;  {b)  what  point  in  BC  must  be  fixed  if  the  forces  are  to 
balance  each  other  about  it.  (16.) 

D  2 
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5.  Describe  briefly  the  common  steel-yard,  and  show  how  to  graduate 
it,  and  that  the  graduations  are  equal. 

What  advantage  is  gained  by  the  use  of  a  steel-yard  P        (14.) 

6.  A  rod  7*5  feet  long  can  move  iredy  in  a  plane  round  one  end ;  it  is 
acted  oni  at  right  angles  to  its  length,  by  a  force  of  35  lbs. ;  find 
the  number  of  foot-pounds  of  work  done  by  the  force  in  one  turn. 
How  many  turns  must  it  take  a 'minute  if  the  force  works  with 
one  horse  power  P    (»=.^.)  (14.) 

7.  Taking  for  granted  the  formula 

state  the  meaning  of  each  letter  in  it.  If  a  bodv  falling  freely 
describes  a  distance  of  30  yards  in  half  a  seconci,  what  was  its 
velocity  at  the  beginning  of  the  half  second  P    (^=32.)        (14.) 

8.  The  velocity  of  a  body  is  increased  uniformly  in  each  minute  of  its 

motion  by  66000  yaitls  a  minute ;  by  how  many  feet  a  second  is  its 
velocitv  increased  in  each  second  P 

If  the  acceleration  of  a  body's  velocity,  due  to  the  action  of  a 
certain  force,  is  55  in  feet  and  seconds,  what  is  it  in  yards  and 
minutes  P  (14.) 

9.  Define  a  simple  pendulum,  a  compound  pendulum,  and  the  centre 
of  oscillation  of  a  compound  pendulum. 

If  a  body  suspended  on  a  horizontal  axis  makes  35  small  osdllsr 
tions  a  minute,  what  is  the  distance  from  its  centre  of  suspension 
to  its  centre  of  oscillation  ?     (^=32,  »=3|.)  (16.) 

10.  Describe  briefly  the  specific  gravity  bottle.  When  the  bottle  is 
full  of  water  it  is  counterpoised  by  983  grains  in  addition  to  the 
counterpoise  of  the  empty  bottle,  and  by  773  grains  when  filled 
with  alcohol ;  what  is  the  specific  gravity  of  the  alcohol?       (12.) 

11.  A  vessel  is  partly  filled  with  water,  and  then  oil  is  poured  in  till  it 
forms  a  layer  6  inches  deep ;  find  the  pressure  per  square  inch  due 
to  the  weight  of  the  liquids  at  a  point  8*5  inches  below  the  upper 
surface  of  the  oil,  assuming  the  speciOc  gravity  of  the  oil  to  be  0*92 
and  the  weight  of  a  cubic  inch  of  water  to  be  252  grains.        (12.) 

12.  £xpliun  briefly  the  use  of  a  vent-peg,  and  how  it  acts.  (10.) 


Second  Stage  or  Adranced  Sxandnatioii. 

Instructions. 
Read  the  General  Instructions  on  p.  51. 

You  are  not  permitted  to  attempt  more  than  eiffkt  questions.    Yon 
may  select  them  from  any  part  of  the  paper. 
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21.  If  R  is  the  resultant  of  two  forces  P  and  Q  acting  at  A,  assuming 
the  "  parallelogram  of  forces,"  show  that 

R2=P»+Q24-2  PQ  cos  PAQ. 

Two  forces  in  the  ratio  of  1  to  3  have  a  certain  resultant  when 
their  directions  contain  a  certain  angle ;  the  square  of  the  resultant 
is  doubled  if  the  direction  of  one  of  the  forces  is  reversed  ;  find  the 
angle.    N.B.    9  sin  33°  43'=5.  (26.) 

2'?.  If  two  forces  act  at  a  point,  and  their  moments  are  taken  with 
respect  to  any  point  in  their  plane,  the  algebraical  sum  of  their 
moments  will  equal  the  moment  of  their  resultant  taken  with 
respect  to  the  same  point.  Prove  this  in  the  case  when  the  point 
is  so  chosen  that  the  moments  of  the  forces  have  opposite  signs. 

Draw  a  square  ABCD ;  suppose  forces  of  P  and  Q  units  to  act 
from  A  to  B  and  from  A  to  D  respectivelv ;  find  the  perpendicular 
distance  of  the  line  of  action  of  their  resultant  from  C.  (20.) 

23.  A  rod  without  weight  rests  horizontally  on  two  points,  A  and  B, 
10  feet  apart ;  between  A  and  B  take  ]>oints  C,  O,  D,  such  that 
AC  =  2  feet,  AO  =  4  feet,  AD  =  7  feet ;  a  weight  of  100  lbs.  is 
hung  at  C,  and  one  of  90  lbs.  at  D ;  find  the  algebraical  sum  of 
the  moments  with  respect  to  O  of  the  forces  on  one  side  of  O. 

(20.) 

24.  A  and  B  are  two  points  a  given  distance  apart,  A  below  B,  the  line 
AB  is  of  given  length  and  inclined  at  a  given  angle  to  the  horizon ; 
a  thread  of  given  length  has  its  ends  fastened  to  A  and  B ;  a  given 
weight  is  hung  on  the  thread  by  a  smooth  hook ;  find  the  position 
in  which  it  comes  to  rest,  and  the  tension  of  the  thread.        (30.) 

25.  Given  the  masses  and  the  position  of  two  particles  referred  to  two 
rectangular  co-ordinates,  find  the  co-ordinates  of  their  centre  of 
gravity.  Write  down  the  corresponding  formulae  in  the  case  of 
three  or  more  particles. 

ABCD  is  a  square,  the  sides  AB  and  AD  being  taken  as  axes  of 
co-ordinates;  masses  of  1,  2,  3,  4  units  are  placed  at  A,  B,  C,  D 
respectively ;  find  the  co-ordinates  of  the  point  where  a  mass  of  5 
units  must  be  placed  that  the  centre  of  gravity  of  the  whole  may  be 
at  A.  Show  in  a  diagram  the  position  indicated  by  the  co-ordi- 
nates. (25.) 

26.  A  particle  (weight  W)  is  just  supported  on  a  rough  inclined  plane 
by  a  force  P  acting  in  a  given  direction ;  show  that 

P  cos  (/3-|-^)=W  sin  (a-  ^), 

where  « is  the  inclination  of  the  plane,  a-}-  /9  the  angle  between  P's 
direction  and  the  base  of  the  plane,  and  <t>  the  angle  of  friction. 

Show  how  to  adapt  the  above  formula  to  the  case  in  which  P  acts 
horizontally.  (20.) 

2/.  Find  the  time  in  which  a  particle  will  slide  down  a  chord  drawn 
through  the  highest  point  of  a  circle  whose^plane  is  vertical. 

Find  the  straight  line  down  which  a  particle  will  slide  in  the 
shortest  time  from  a  given  point  to  a  given  plane.  (25.) 

28.  The  mass  of  a  particle  is  M  lbs.,  and  its  velocity  V  ft.  a  second ; 
find  the  number  of  foot-pounds  of  work  it  can  do  against  a 
resistance. 

A  particle  weighs  10  lbs.,  and  moves  at  the  rate  of  1,250  feet  a 
second;  find  the  distance  through  which  it  could  overcome  a 
resistance  of  one  million  pounds.  (20.) 
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29.  If  V  is  the  velocity  of  a  simple  pendulum  at  ita  lowest  point/ show- 

that  at  any  time,  t,  after  passing  through  the  lowest  point  its 

velocity  is  V  cos-q^^  where  T  denotes  the  time  of  one  complete 
oscillation.  (25.) 

30.  Find  the  moment  of  inertia  of  a  rectangular  lamina  about  an 
edge. 

A  rectangular  lamina,  whose  shorter  edges  are  4  feet  long, 
turns  round  one  of  its  longer  edges '50  times  a  minute;  it  weighs 
441  lbs. ;  find  its  kinetic  energy  (a)  in  foot-poundals,  {b)  in  foot- 
pounds. (30.) 

31 .  If  a  vessel  of  any  shape  contains  a  liquid  with  a  free  surface,  show 
that  the  pressure  per  square  inch  is  constant  for  all  points  of  the 
liquid  situated  in  the  same  horizontal  plane. 

A  sphere,  whose  internal  radius  is  1  foot,  contains  mercuiy 
which  covers  three  fourths  of  the  vertical  diameter;  find  the 
resultant  pressure  on  a  horizontal  plane  passing  through  the  centre 
of  the  sphere,  assuming  that  a  cubic  inch  of  mercuiy  weighs 
3400  grains.  (20.) 

32.  Explain  how  to  calculate  the  rarefaction  produced  in  the  receiver 
of  an  air-pump,  by  a  given  number  of  strokes. 

If  after  10  strokes  the  mercurial  gauge  fell  &om  30  inches  to 
15  inches;  what  would  have  been  its  fall  after  the  first  five 
strokes?  (20.) 


Sonours  Examinatloii. 

Instructions. 

Read  the  General  Instructions  on  p.  51. 

You  are  not  permitted  to  attempt  more  than  eight  questions.    You 
may  select  them  from  any  part  of  the  paper. 


41.  If  there  are  any  particles  in  a  plane,  and  if  the  mass  of  each  is 
multiplied  by  the  square  of  its  distance  from  a  given  point, 
show  that  the  sum  of  the  products  will  be  least  when  the  given 
point  coincides  with  the  centre  of  gravity  of  the  group  of 
particles. 

If  the  sums  are  taken  as  above  with  respect  to  two  points  A 
and  B,  show  that  the*  excess  of  the  former  sum  above  the  latter 
equals  M.  AB  (AN — BN);  where  M  denotes  the  sum  of  the 
masses,  and  N  the  point  in  which  AB  is  met  by  a  perpendicular 
let  fall  from  the  centre  of  gravity  to  AB.  (40.) 

42*  Given  a  couple  and  a  force  whose  direction  is  inclined  at  a  given 
angle  to  the  plane  of  the  couple,  show  how  to  reduce  them 
to  a  couple  and  a  force  at  right  angles  to  the  plane  of  that 
couple,  and  show  that  there  is  only  one  result  to  the  reduction. 

(40.) 
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43.  AB  and  CD  are  equal  xods  that  can  torn  freely  found  a  livet,  O, 
paBsing  through  their  middle  points;  the  ends  A  and  C  are 
joined  by  a  thread  of  given  length  (so  that  AOC  is  a  known 
ftngle)»  the  plane  of  the  rods  is  vertical,  and  the  system  rests  with 
A  and  C  on  a  horizontal  plane ;  given  weights  (P  and  Q)  are  hung 
at  B  and  D ;  find  the  tension  of  the  thread  and  the  stress  on  the 
rivet.  (55.) 

44.  A  uniform  rod^  AB,  of  given  weight  carries  a  given  weight,  P,  at 
the  end  A,  and  rests  on  a  given  point  C,  being  balanced  by  a 
weight  at  the  end  B ;  find  the  bending  moment  at  a  point  midway 
between  B  and  G.  (40.) 

45.  In  the  case  of  a  rectangular  ^beam,  slightly  bent  on  the  usual 
suppositions,  show  that — 

6  (Greatest  Bending  Moment)=:QA6, 

where  Q  denotes  the  greatest  tension,  A  the  area  of  the  cross 
section,  and  b  the  depth  of  the  beam. 

Two  similar  rectangular  beams  of  the  same  material  are  supported 
horizontally  on  points,  one  under  each  end;  find  the  relation 
between  their  dimensions  when  the  greatest  tension  in  the  one 
beam  is  twice  what  it  is  in  the  other.  (55.) 

46.  AC  is  the  base>  and  CB  the  height  of  a  smooth  inclined  plane  AB ; 
D  is  a  given  point  in  CB  produced ;  two  particles,  P  and  Q,  are 
connected  by  a  thread  which  rests  on  a  smooth  point  at  D ;  Q  is 
placed  on  AB  and  P  hangs  freely ;  find,  by  the  pnnciple  of  virtual 
vdocities,  the  position  of  equilibrium.  (50.) 

47-  APB  is  a  given  triangle ;  a  body,  of  which  P  is  a  point,  has  at  anv 
instant  given  angular  velocities,  wj  and  w^,  round  axes  thrcugh 
A  and  B  at  right  angles  to  the  plane  of  the  triangle.  By 
compounding  the  velocities  of  P  due  to  these  rotations,  show 
that  the  resultant  velocity  of  P  is  {»\+»i)  PV,  at  right  angles 
to  PV,  where  V  is  a  point  dividing  AB  inversely  as  wi  to  fi»2* 

(45.) 

48.  P,  Q,  R  are  three  particles ;  P  and  Q  are  connected  by  a  thread, 
and  Q  and  R  by  another  thread;  the  second  thread  is  placed 
on  a  smooth  point,  so  that  R  hangs  on  one  side  and  P  and  Q 
on  the  other  side ;  find  the  tension  of  the  thread  joining  P  and  Q. 

(40.) 

49.  Find  the  kinetic  energy  of  a  cylinder  of  uniform  density  turning 
with  a  given  angular  velocity  round  its  axis. 

If  the  radius  of  such  a  cylinder  is  2  feet  and  its  weight  a  ton, 
find  its  kinetic  energy  when  it  makes  150  turns  a  minute,  and 
state  in  what  units  your  answer  is  expressed.  If  the  cylinder  is 
now  acted  on  by  a  tangential  friction  of  60  absolute  units 
(poundals),  how  many  turns  would  it  make  before  being  brought 
to  rest  P  (45.) 

50.  Given  the  moments  and  products  of  inertia  of  any  number  of 
particles  lying  in  a  plane  with  reference  to  two  rectangular  co- 
ordinates, find  their  moment  of  inertia  with  reference  to  any  axis 
in  their  plane,  passing  through  the  origin  of  co-orHinates. 

Find  the  moment  of  inertia  of  a  square  lamina  of  uniform 
density  with  reference  to  an  axis  bisecting  the  angle  between  a 
diagonal  and  a  side.  (50.) 
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51.  Find  a  general  expression  for  the  depth  of  the  centre  of  pressure  of 
any  plane  area. 

A  triangular  area  has  one  of  its  angulir  points  on  the  surface 
of  the  water,  and  its  other  two  angular  points  at  given  depths 
(a  and  fi)  below  the  surface;  find  the  depth  of  the  centre  of 
pressure.  (60.) 

52.  If  a  cube,  whose  specific  gravity  is  0*5,  is  placed  in  water  with 
four  edges  vertidd*  show  that  its  position  is  one  of  unstable 
equilibrium,  and  find  the  position  in  which  it  will  come  to  rest. 

(50.) 


SUBJECT  VII.    APPLIED  MECHANICS. 

ExAMiNBB,  PROFESSOR  GOODEVE,  M.A. 


General  Instructions. 

If  the  rules  are  not  attended  to,  the  paper  will  be  cancelled. 

You  may  take  the  Elementary,  or  the  Advanced,  or  the  Honours 
paper,  but  you  must  confine  yourself  to  one  of  them. 

Put  the  number  of  the  question  before  your  answer. 

You  are  to  confine  your  answers  strictly  to  the  questions  proposed. 

Your  name  is  not  given  to  the  Examine;,  and  you  are  forbidden  to 
write  to  him  about  your  answers. 

The  examination  in  this  subject  lasts  for  three  hours. 


First  Stage  or  Elementary  Sxamination. 

Instructions. 

You  may  not  attempt  more  than  five  questions. 
The  value  attached  to  each  question  is  shown  in  brackets  after  the 
question. 

1.  Distinguish  between /orce  and  work  done  by  a  force.  How  is  each 
respectively  measured  P 

A  traction  engine  draws  a  load  of  20  tons  along  a  level  road,  the 
tractive  force  on  the  load  being  150  lbs.  per  ton.  Find  the  work 
done  upon  the  load  in  drawing  it  through  a  distance  of  500  yards. 

(16.) 

2,  State  the  mechanical  law  known  as  the  Principle  of  the  Lever.  In 
a  pair  of  pincers  the  jaws  meet  at  1 }  inches  from  the  pin  forming 
the  joint.  The  handles  are  grasped  with  a  force  of  50  lbs.  on  each 
handle  at  a  distance  of  8  inches  from  the  pin.  Find  the  compres- 
sive force  on  an  object  held  between  the  jaws,  and  also  the  pressure 
upon  the  pin.  (15.) 
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3.  Define  the  pitch  circle  of  a  toothed  wheel.  When  two  pitch  circles, 
A  and  B,  of  diameters  2  and  3  respectively,  roll  together,  prove 
tiiat  the  angular  velocity  of  A  is  to  that  of  B  as  3  to  2. 

Three  spur  wheels.  A,  B,  C,  with  parallel  axes,  are  in  gear.  A 
has  8  teeth,  B  has  32  teeth,  and  C  has  42  teeth.  How  manv  turns 
will  A  make  upon  its  axis  while  C  goes  roiind  8  times  ?  Why  is  B 
termed  an  idle  wheel?  (15.) 

4.  Explain  the  construction  and  principle  of  action  of  a  weighing 
machine  in  which  both  scale-pans  are  supported  from  below,  with- 
out suspending  chains.     Sketch  the  arrangement.  (15.) 

5.  Make  a  vertical  longitudinal  section  through  the  movable  or  loose 
head-stock  of  a  lathe,  showing  precisely  the  manner  in  which  a 
screw  and  nut  are  applied  to  proauce  the  necessary  movement  of 
the  centre  which  supports  the  work.  Name  the  materials  of  which 
the  several  parts  are  made.  (20.) 

6.  Sketch  and  describe  an  arrangement  for  driving  the  table  of  a 
planing  machine  by  means  of  a  screw,  so  that  the  table  may  travel 
50  per  cent,  faster  in  the  return  than  in  the  forward  or  cutting 
stroke.  Why  is  a  square  threaded  screw  employed  in  such  a 
machine  ?  (20.) 

7.  Describe,  with  a  a  sketch,  the  spring-barrel  and  fusee  of  a  clock. 
Explain  the  principle  on  which  the  fusee  acts,  and  mention  some 
further  instances  of  the  useful  application  of  this  contrivance. 

(15.) 

8.  The  base  of  a  rectangular  tank  for  holding  water  is  a  square, 

16  sauare  feet  in  area.  The  sides  of  the  tank  are  vertical,  and 
it  holds  250  gallons  of  water  when  quite  full.  Find  the  depth  of 
the  tank  and  the  pressures  on  each  side  and  on  the  base  when 
quite  filled  with  water.  The  weight  of  a  gallon  of  water  is  10  lbs., 
and  the  weight  of  a  cubic  foot  of  water  is  62^  lbs.  (20.) 

9.  Explain  the  construction  and  action  of  a  condensing  syringe  for 
pumping  air  into  a  vessel.  Sketch  a  longitudinal  section  through 
the  cylinder  and  valves.  Why  does  one  end  of  the  cylinder  become 
heated  when  the  pumping  goes  on  rapidly  ?  (15.) 

10.  A  bar  of  teak,  I  inch  square,  and  12  inches  between  the  supports, 
breaks  with  a  load  of  820  lbs.  when  hung  at  its  centre.  Find  the 
breaking  load  at  the  centre  of  a  l)ar  of  teak,  3  inches  broad  and 
3  inches  deep,  and  7  feet  between  the  supports.  If  the  bar  be  2 
inches  broad  instead  of  3  inches,  what  should  be  its  depth  in  order 
to  support  the  same  weight  at  the  centre.  (20.) 

11.  Write  down  the  formula  for  the  amount  of  energy  stored  up  in  a 
given  weight  when  moving  with  a  given  velocity.  Describe,  with 
a  sketch,  the  action  of  a  fly-press.  If  each  ball  of  the  press  weighs 
50  lbs.,  and  the  work  stored  up  in  the  balls  is  400  foot-pounds,  find 
the  velocity  with  which  they  are  moving.  Take  the  number  32  to 
represent  g.  (20.) 

12.  Sketch  a  vertical  section  through  the  cylinder  and  pump  of  a  hydro- 
static press,  showing  the  necessary  valves  and  connections.  Sketch 
separately  the  collar  for  packing  the  ram,  and  explain  why  it  is  to 
efficient.  How  is  the  pressure  taken  off  the  object  under  com- 
pression when  required :  sketch  the  arrangement?  What  is  the 
proportion  of  the  diameters  of  the  plunger  and  ram  when  the 
mechanical  advantage  gained  thereby  is  100  to  1,  neglecting 
friction  ?  (20.) 
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Second  Stage  or  AdTaneed  Bxamlnatioii. 

Instructions. 

Read  the  General  Instructions  at  the  head  of  the  Elementary  paper. 
You  may  not  attempt  more  than^oe  questions. 
The  value  attached  to  each  question  is  shown  in  brackets  after  the 
question. 

21.  Four  cwts.  of  material  are  drawn  from  a  depth  of  80  fathoms  by  a 
rope  weighing  1*15  lbs.  pex  linear  foot ;  how  man^  units  of  work 
are  expended  ?  What  horse-power  would  be  requured  to  raise  the 
material  in  4}  minutes  P  (25.) 

22.  Set  out  a  form  of  cam  which,  when  acting  on  a  bar  by  uniform 
rotation,  will  cause  the  backward  and  forward  motion  of  the  bar  to 
hare  an  interval  of  rest  between  each.  Describe  some  other  method 
of  obtaining  an  intermittent  motion  of  this  kind.  (30.) 

23.  Describe  the  construction  of  a  hand  printxng*press  worked  by  the 
Stanhope  levers.    Ezpluin  the  action  of  this  combination  of  levers. 

(35.) 

24.  A  belt  having  a  linear  velocity  of  350  feet  per  minute  transmits  5 
horse-power  to  a  pulley  round  which  it  passes.  Find  the  tension 
of  the  Delt  on  the  driving  side,  supposing  it  to  be  doable  that  on 
the  slack  side.  (30.) 

25.  A  sheer-legs  is  formed  of  two  sheer-poles,  BC,  DC,  each  25  feet  in 
length,  and  secured  to  a  base  plate  in  the  ground  at  B  and  D. 
The  wire  guy  or  tension  rope  AC  is  attached  to  the  ground  at  a 
point  A,  which  is  60  feet  distant  from  BD.  The  perpendiculw 
from  the  top  C  of  the  poles  meets  the  ^pround  at  a  distance  of  10 
feet  from  the  centre  of  the  line  BD,  which  is  15  feet  long.  Find  by 
measurement  or  otherwise  the  tension  in  tons  on  the  guy  when  a 
weight  of  20  tons  is  suspended.  (40.) 

26.  What  do  you  understand  by  the  terms  strain,  stress,  and  modulus  of 
elasticity  ? 

A  tie  rod  100  feet  long,  and  of  2  square  inches  sectional  area,  is 
stretched  three  quarters  of  an  inch  under  a  tension  of  32,000  lbs. 
What  is  the  intensity  of  the  stress,  the  strain,  and  the  modulus  of 
elasticity  under  these  circumstances  ?  (35.) 

27.  What  is  an  epicyclic  train  of  wheels  ?  Two  spur  wheels  A  and  B, 
whose  diameters  are  2  and  3  respectivelv,  are  in  gear  with  an 
annular  wheel,  C,  whose  diameter  is  8.  The  wheels  A  and  0  have 
a  common  axis,  but  B  is  carried  by  an  arm  centred  on  the  axis  of 
A.  If  A  makes  five  revolutions  while  C  makes  one  revolution, 
both  in  the  same  direction,  find  the  angle  described  by  the  arm 
during  this  time.  (40.) 

28.  A  fly-wheel  weighs  2J  tons  and  its  mean  rim  has  a  velocity  of  40 
feet  per  second.  If  the  wheel  gives  out  10,000  foot-pounds 
of  energy,  how  much  is  its  velocity  diminished  ?  (35.) 


Digitized  by  VjOOQIC 


VII. — ^APPLIED  MECHANICS.  69 

29.  A  circular  water  tank  is  20  feet  in  diameter  and  25  feet  deep.  It  is 
constnicted  of  6  rings  of  cast  iron  plates.  Find  the  total  stress  on 
any  vertical  section  of  the  bottom  ronr  of  plates  made  by  a  plane 
passing  through  the  axis  of  the  cylinder,  neglecting  any  assistance 
afforded  by  the  flanges  or  connection  with  the  bottom  plate. 

(40.) 

30.  What  is  the  olject  of  a  relief  valve  in  an  hydraulic  crane,  and 
where  is  it  placed?  Sketch  a  longitudinal  section  through  the 
cylinder  and  ram  of  a  crane  working  at  two  powers.  Explain  the 
mode  of  action,  (40.) 

31.  Describe  Weston's  differential  pulley. 

If  the  weight  is  to  be  raised  at  the  rate  of  5  feet  per  minute,  and 
the  diameters  of  the  pulleys  of  the  compound  sheave  are  7  and  8 
inches  respectively,  at  what  rate  must  the  chain  be  hauled  P 

(40.) 

32.  Describe,  with  sketehes,  three  difperent  forms  of  reversing  motion 
in  common  use,  where  machinery  is  driven  by  steam  power. 

(40.) 


KononrB  Examination. 

Instructions. 


Read  the  General  Instructions  at  the  head  of  the  Elementary  paper. 

You  may  not  attempt  more  than  six  questions. 

The  value  attached  to  each  question  is  shown  in  brackets  after  the 
question. 

41.  A  toothed  wheel  drives  a  pin  wheel ;  investigate  the  proper  form 
for  the  curves  of  the  teeth.  The  diameter  of  each  pm  being 
known,  how  do  you  proceed  to  set  out  the  teeth,  preserving  their 
theoretical  outline?    Sketeh  the  necessary  diagram.  (60.) 

42.  Construct  a  cam  which  shall  impart  to  a  rod  a  uniformly  increasing 
velocity  during  one  half  the  stroke,  and  a  uniformly  decreasing 
velocity  during  the  remaining  half  stroke.  (60.) 

43.  In  a  four-bar  motion  A  BCD,  the  fixed  centres  are  A  and  D,  the 
arms  AB,  DC  are  cranks,  and  BC  is  the  connecting  link.  It  is 
given  that  AB  =  BC  =  12  inches,  and  that  ABC  straightens  itself 
once  during  each  revolution  of  AB.  Find  the  lengths  of  AD  and 
DC  in  order  that  the  link  KC  may  oscillate  relatively  to  AB  through 
one  right  angle  once  during  eaeh  revolution  of  AB  from  the  posi- 
tion  where  ABC  is  a  straight  line.  (70.) 

44.  Establish  the  formula  for  the  moment  of  resistance  to  bending  of  a 

beam  of  rectan^iular  transverse  section.  Find  the  greatest  lo^  that 
may  be  uniformly  distributed  on  a  cast-iron  girder  having  top  and 
bottom  flanges  united  by  a  web  of  the  following  dimensions — ^width 
of  upper  flange  3  inches,  of  lower  flange  9  inches,  total  depth  12 
inches,  thickness  of  each  flange  and  of  the  web  being  I  incn,  dis- 
tance between  the  points  of  support  10  feet — when  the  greatest 
admissible  stress  in  the  compression  flange  is  3  tons  per  square 
inch,  and  that  in  the  tension  nange  is  1}  tons  per  square  inch. 

(75.) 
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45.  Describe,  with  sketches,  the  chronometer  escapement,  pointing  ont 
the  reasons  for  the  particular  construction  of  certain  oE  the  working 
parts.  What  theoretical  reasons  do  you  assign  for  the  excellent 
performance  of  this  escapement  in  practice  ?  (65.) 

46.  Describe  a  frictional  dynamometer  having  a  pendulurn  compensating 
lever.  In  what  way  may  the  force  acting  on  the  point  of  suspen- 
sion of  the  pendulum  be  ascertained  ?  When  this  force  is  known, 
how  do  you  obtain  the  true  horse-power  transmitted  ?  (70.) 

47.  Describe  Peaucellier's  combination  of  linkwork  for  drawing  a 
straight  line,  and  prove  geometrically  that  the  path  of  the  describ- 
ing pencil  is  a  straight  line.  (55.) 
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General  Instructions. 

If  the  roles  are  not  attended  to,  the  paper  will  be  cancelled. 

You  may  take  the  Elementary,  or  the  Advanced,  or  the  Honoitrs 
paper,  but  you  must  confine  yourself  to  one  of  them. 

Put  the  number  of  the  question  before  your  answer. 

You  are  to  confine  your  answers  strictly  to  the  questions  proposed. 

Your  name  is  not  given  to  the  Examiners,  and  you  are  forbidden  to 
\vrite  to  them  about  your  answers. 

The  exammation.in  this  subject  lasts  for  three  hours. 


Firat  Stage  or  Elementary  Examination. 

Instructions. 

You  are  only  permitted  to  attempt  eight  questions.    Of  these  not 
more  than /ovr  may  be  selected  from  the  same  section. 
The  value  attached  to  each  question  is  the  same. 


Section  L 


1.  State  exactly  what  you  mean  by  the  "  density  "  of  a  substance,  and 
explain  what  you  understand  by  its  "elasticity.*'  Is  the  elasticity 
of  water  greater  or  less  than  that  of  air  ?  How  would  you  prove 
to  anyone  that  your  answer  is  correct? 


Digitized  by  VjOOQIC 


.VIII. — SOUND,  LIGHT,   AND  HEAT.  61 

2.  Explain  any  method  by  means  of  which  the  ticking  of  a  watch  may 
be  made  audible  to  a  person  at  the  other  end  of  a  large  room. 

3.  What  variety  of  notf  s  can  you  get  out  of  a  stretched  string,  without 
altering  its  tension  or  length  P  What  will  be  the  effect  of  hidving 
its  length  by  a  fixed  bridge  ? 

4.  Upon  what  physical  properties  do  (I)  the  loudness  (2)  the  pitch  of 
a  musical  note  depend  ?  Two  organ  pipes  of  the  same  length  are 
one  of  them  open  and  the  other  closed ;  now  are  their  notes  related 
as  regards  pitch  P 

5.  Describe  the  state  of  disturbance  of  the  air  in  a  pipe  closed  at  one 
end,  when  it  resounds  to  a  tuning-fork  whicn  is  held  over  it. 
State  the  relation  between  the  length  of  the  pipe,  the  pitch  of  the 
note,  and  the  velocity  of  sound  in  air. 


Section  II. 

6.  What  is  meant  by  an  image  of  an  object  ?  Why  are  some  images 
called  real,  and  others  virtual?  Explain  and  illustrate  by  a  sketch 
the  formation  of  an  image  of  each  kind  by  means  of  a  concave 
mirror. 

7.  Give  some  method  of  comparing  the  brightness  of  two  sources  of 
light,  and  describe  the  essential  parts  of  the  apparatus  employed. 

8.  A  candle  is  placed  at  a  given  small  distance  in  front  of  an  ordinary 

looking-glass  made  of  thick  plate-glass  quick-silvered  on  the  back, 
and  a  person  looking  obliquely  into  the  mirror  sees  several  images 
of  the  candle ;  explain  this,  and  show  the  exact  positions  of  the 
images  by  a  diagram. 

9.  An  arrow  4  inches  long  is  placed  10  inches  in  front  of  a  convex 
lens  whose  focal  length  is  4  inches.  Illustrate  by  a  figure,  and 
find  the  position  and  length  of  the  image. 

10.  One  piece  of  glass  appears  dark  red,  and  another  appears  dark 
green,  when  held  up  to  the  light ;  explain  why  when  tney  are  both 
put  together  no  light  can  be  seen  through  them. 


Section  III, 

11.  Explain  exactly  the  nature  of  boiling.  Is  it  possible  to  make  luke- 
warm water  boil  without  heating  it,  and,  if  so,  how? 

12.  Why  does  a  block  of  ice  take  so  long  to  melt,  even  in  a  warm 
room  P  Suppose  heat  continually  poured  into  it,  enough  to  raise 
the  temperature  of  a  quantity  of  water  equal  to  the  soUd  part  of 
block  two  degrees  centigrade  in  a  minute,  how  long  would  the 
block  take  to  melt  P     [Latent  heat  of  water  =  80.] 

13.  What  circumstance  determines  whether  a  towel  exposed  to  the  air 
shall  dry  or  shall  become  damp?  Why  does  a  damp  cloth  exposed 
to  draught  become  very  cold  ? 

14.  What  do  you  know  concerning  the  nature  and  formation  of  clouds 
and  rain  ? 
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15.  Wbat  is  meant  by  sayinf^  that  the  "  spedfic  heat  **  of  water  u^thirijr 
times  as  great  as  that  o£  mercury  ?  If  a  ponnd  of  boiling  water  be 
mixed  with  3  lbs.  of  ioe-cold  mercury,  what  will  be  the  tempentare 
of  the  mixture  ? 


Second  Stage  or  AdTanced  Examinatloii* 

Instructions. 

Read  the  General  Instructions  at  the  head  of  the  Elementary  paper. 

You  are  only  permitted  to  attempt  eight  questions.     Of  these  not 
more  than /our  may  be  selected  from  the  same  section. 

The  value  attached  to  each  question  is  the  same. 


Section  L 

21.  How  can  Boyle's  law  for  gases  be  yerified  by  direct  experiment? 

22.  Define  "  elasticity "  and  "  density/'  and  explain  how  the  velocity 
of  sound  depends  upon  them. 

23.  What  ei^ect  does  pumping  half  the  air  out  of  a  closed  vessel  pro- 
duce on  the  velocity  of  sound  PAnmg  through  it  P  Also  what  is 
the  effect  of  compressing  the  air  ?  (The  temperature  in  both  eases 
is  supposed  to  be  constant.) 

24.  Explain  the  occurreuce  of  ''beats'*  when  two  notes  nearly  of  the 
same  pitch  are  sounded  together.  How  comes  it  that  open  organ 
pipes  nearly  an  octave  amrt  give  beats?  How  comes  it  uiat 
feeble  beats  are  also  heard  even  from  two  stopped  pipes,  or  two 
tuning  forks,  when  nearly  an  octave  apart  in  pitch? 

25.  Give  the  relations  of  the  number  of  vibrations  of  the  successive 
notes  of  the  diatonic  scale  and  the  Pythagorean  scale,  and 
explain  for  what  purpose  each  scale  is  especially  suitable  and 
why. 


Section  IL 

26.  Explain  the  law  of  refraction  of  light  at  a  plane  surface  according  to 
the  wave  theory. 

27.  Describe  the  measurements  which  are  required  and  the  method  of 
determining  the  refractive  index  of  a  transparent  substance  in  the 
form  of  a  prism. 

28.  Find  the  magnifying  power  of  a  simple  lens  of  one  inch  focal  length, 
placed  close  in  front  of  an  eye  whose  distance  of  distinct  vision  ife 
ten  inches.     Illustrate  with  a  figuiv. 
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29.  An  iron  ball  is  made  white  hot,  and  its  spectrum  examined  by  a 
spectroscope.  What  will  be  the  nature  of  the  spectrum  seen? 
Again,  a  piece  of  iron  is  used  as  one  of  the  poles  in  the  electric  arc' 
and  the  spectrum  examined.  In  what  respects  do  the  two  spectra 
differ  &om  one  another?  To  what  molecular  conditions  do  you 
suppose  the  difference  to  be  due  ? 

30.  A  convex  lens  is  pressed  on  a  piece  of  plate  f([Bas,  Explain  and 
state  the  laws  of  the  phenomena  which  are  observed  near  the  point 
of  contact  of  the  lens  and  plate. 


Section  III. 

31.  Define  what  is  meant  by  "the  latent  heat**  of  water,  and  state 
exactly  how  you  will  proceed  to  measure  it  experimentally. 

32.  What  is  meant  by  saying  that  heat  is  a  form  of  energy  ?  How  has 
the  amount  of  energy  corresponding  to  a  unit  of  heat  been  deter- 
mined? 

33.  The  temperatures  in  the  boiler  and  condenser  of  a  steam  engine 
are  150^  and  50^  respectively.  What  proportion  of  the  heat 
supplied  to  the  engine  will  be  utilized  if  the  engine  is  a  perfect 
engine? 

34.  How  can  the  absolute  expansion  (a)  of  mercury  (b)  of  any  other 
liquid,  be  determined  ? 

35.  What  is  the  meaning  of  the  term  "  Humidity  '*  or  "  Hygrometric 
state,"  as  applied  to  the  atmosphere  ?  Give  a  short  description  of 
the  instruments  that  are  commonly  employed  for  finding  the  state 
of  the  air  with  respect  to  moisture.  The  dew  point  on  a  certain 
day  being  found  to  be  12^  C,  and  the  temperature  of  the  air  being 
16 '5^  C,  find  its  humidity,  given  that  the  maximum  pressure  of 
aqueous  vapour  at  \29  is  equivalent  to  1'046  cm.  of  mercury,  whihe 
that  at  16^  is  1  '364  cm.,  and  that  at  17^  is  1  '442  cm. 


KononrB  Exftmination. 

Instructions. 


Read  the  General  Instructions  at  the  head  of  the  Elementary  paper. 
You  are  expected  to  attempt  all  the  questions. 
The  value  attached  to  each  question  is  the  same. 


41.  The  specific  gravily  of  a  certain  gas,  under  a  pressure  of  75  centi- 
metres of  mercury  and  at  0^  C,  is  one-thousandth  that  of  water. 
What  is  the  velocity  of  sound  in  it  at  that  temperature  ?  What  is 
it  also  at  the  temperature  100°  ?  Examine  whether  altering  the 
pressure  on  the  gas  will  affect  the  velocity. 
[Take  the  ratio  of  the  two  specific  heats  as  1  *4.] 
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42.  A  system  of  parallel  rays  is  incident  on  a  refracting  sphere. 
Prove  that  there  is  a  certain  angle  of  incidence  for  which  the 
deviation  is  a  maximum,  when  the  pencil  of  rays  is  once  internally 
reflected.  Explain  the  application  of  this  proposition  to  the  theory 
of  the  rainbow. 

•13.  Fine  parallel  lines  are  ruled  closely  at  regular  intervals  on  a  glass 
plate ;  explain  precisely  why  and  where  spectra  are  formed  when 
the  plate  is  illuminated  by  a  beam  of  light  coming  through  a  lens 
from  a  slit  arranged  parauel  to  the  ruled  lines.  Explain  the  effect 
on  these  spectra  of  the  closeness  of  the  ruling  and  the  breadth  of 
the  ruled  space. 

44.  Explain  the  difference  between  the  adiabatic  and  the  isothermal 
elasticities  of  a  substance ;  and  show  how  to  determine  the  ratio 
of  these  two  elasticities  for  common  air  experimentally. 

45.  Explain  exactly  the  adhesion  of  two  pieces  of  ice  when  pressed 
toatther  at  the  melting  point  and  then  released.  Calculate  the 
effect  of  an  extra  atmosphere  of  pressure  on  the  melting  point  of 
a  substance  which  contracts  on  solidifying  by  one- sixth  of  its 
volume  in  the  liquid  state,  whose  latent  heat  is  40  units,  whose 
ordinaiy  freezing  point  is  27°  C,  and  whose  specific  gravity  when 
liquid  at  this  temperature  is  1*2. 


Practical  Szamiiiatioii. 


I. 

1.  Find  the  specific  heat  of  the  mixture  of  alcohol  and  water. 

2.  Compare  the  vapour  pressure  at  the  temperature  of  the  room  of  the 
mixture  of  sulphuric  acid  and  water. 

3.  Determine  by  a  diffiraction  grating  the  wave  lengths  of  three  of  the 
lines  in  the  spectrum  of  the  given  substance. 

4.  Determine  the  rotation  of  the  plane  of  polarization  produced  by 
the  given  plate  of  quartz,  using  red  light ;  measure  the  thickness 
and  so  find  the  rotation  produced  by  one  millimetre  of  quartz. 


II. 

1 .  Find  the  boiling  points  of  three  brine  solutions  having  strengths  of 
5,  15,  and  25  of  salt  to  100  of  water. 

2.  Determine  the  index  of  refraction  of  the  lens  given  you  for  sodium 
light. 

3.  Arrange  the  two  lenses  given  you  so  as  to  produce  a  real 
image  of  the  object  magnified  four  times,  and  show  how  to  test 
your  result. 

4.  Determine  the  absolute  pitch  of  the  tum'ng  fork  given  you  by 
finding  the  ratio  and  difference  of  two  notes  that  are  nearly  alike. 
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SUBJECT  IX.    KAONETISM  AND  ELECTBICITT. 

EXAMINBR9,  PROFESSOR  A.  W.  REINaLD,  F.R.S.,  and 
PROFESSOR  A.  W.  RCCKER,  F.R.S. 


Gbnsral  Instructions. 
If  the  rnlfls  are  not  attended  to,  the  paper  will  be  cancelled. 

You  may  take  the  Elementary,  or  the  Advanced,  or  the  Honours 
paper,  but  you  must  confine  yourself  to  one  of  them. 

Put  thc^iiumber  of  the  question  before  your  answer. 

You  are  to  confine  your  answers  strictly  to  the  questions  proposed. 

Your  name  is  not  given  to  the  Examiners*  and  you  are  forbidden  to 
write,  to  them  about  your  answers. 

The  examination  in  thi$  subject  lasts  for  three  hours. 


Tint  iStaige  or.  ElMieatary  Sxaminatioiu 

Instructions. 

You  are  not  permitted  to  aitetnpt  more  thai  eight  questions. 
You  maj  select  only  two  in  Magnetism,  three  in  Fnctional  Electricity, 
and  three  m.  Voltaic  Electricity. 

The  value  attached  to  each  question  is  the  same. 


Magnetism. 

!•  An  aatatic  combination  of  two  magnets  is  injured  so  that  the 
magnets  iue  at  right  angles  instead  of  parallel  to  each  other.  If  it 
be  sudpehded  As  usual,  what  position  will  it  assume  with  regard  to 
the  magnetic  meridian  ?  Illustrate  yout  answer  with  a  tua^ol^ 
showing  the  forces  which  act  upon  the  magnets.  ' 

2.  A  strong  bar  magnet  is  placed  on  a  table  with  its  axis  lying  in  the 
magnetic  meridian  and  with  its  north-seeking  pole  towards  the 
north.  State  in  what  direction  a  compass  needle  points  (1)  When 
placed  immediately  over  the  centre  of  the  bar  magnet;  (2)' when 
£^uallfniised  vertically  upwa]:ds. 

N.B.— The  compass  needle  can  only  turn  about  its  pivot  in  a 
horizontal  plane.        - 

.3.  Two  bars  of  soft  iroh  aa^  so  placed  to  the  edst  and  wbst  of  the  north 
pole  of  acomi^ass  tieedle  that  the  nteedle  still  points  nc^hf  and 
south.' '  If  the  iron  to'the  east  of  the  needle  be'Mplaced  bv  a  bar  of 
l»rd  steel  of  exactiv  the  same  size  and  shajte  as  itself^  will  the 
direction  in  which  the  magnet  points  be  'altered  ?  If  so,  in  irhich 
direction  will  it  move,  and  why? 
o     55078.  S 
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4.  What  IB  meant  by  aayinff  that  the  magnetic  dip  at  London  ie 

State  in  f^eneral  terms  at  what  places  on  the  earth's  surface  the 
magnetic  dip  is  least. 

Prictional  Electricity. 

5.  How  would  you  prove  to  a  class  that  there  are  two  kinds  of 
electricity  P 

6.  A  rod  of  sealing  wax  is  rubbed  with  dry  flannel.    An  unchar]^ 

pith  ball  suspended  by  a  silk  thread  is  attracted  when  the  sealmg 
wax  is  brouff ht  near  to  it,  but  is  unaffected  bT  the  flanneL  Would 
you  conclude  from  this  experiment  that  wnen  sealing  wax  and 
flannel  are  rubbed  together  the  sealing  wax  only  is  electrified? 
'     Give  reasons  for  your  answer. 

7.  When  the  handle  of  an  ordinary  frictional  machine  is  turned, 
sparks  can  be  drawn  from  the  prime  conductor.  Explain  cardfully 
how  the  prime  conductor  becomes  cbarf^  with  electricity. 

8.  A  sharp  point  attached  to  a  conductor  A  is  held  near  an  insulated 
charged  conductor  B.  What  will  be  the  effect  on  B  if  A  is  (1) 
insulated,  (2)  uninsulated  P 

9.  The  inner  coating  of  a  Leyden  jar  is  connected  by  a  wire  with  the 

prime  conductor  of  an  electrical  machine  and  also  with  a  gold  leaf 
electroscope.  If  the  jar  rests  upon  a  sheet  of  glass,  a  quarter  of  a 
turn  of  the  machine  produces  a  large  divergence  of  the  leaves  of 
the  electroscope.  If  the  glass  be  removed,  ten  turns  of  the  handle 
are  required  to  produce  the  same  deflection.    Explain  this. 

Voltaie  Eleetrieity. 

10.  An  insulated  positively  electrified  gold  leaf  hangs  half  way  between 
two  vertical  insulated  and  unelectrified  copper  plates,  A  and  B,  to 
each  of  which  a  copper  wire  is  attached.  If  plates  of  sine  and 
coppor,  which  are  partly  immersed  in  dilute  acid,  are  touched  by 
the  wires  attached  to  A  and  B  respectively,  and  if  afterwards  the 
wires  are  both  dipped  into  the  acid,  describe  the  movements  of  the 
gold  leaf  in  each  case. 

11.  What  are  the  materials  used  in  the  construction  of  a  Daniell's  cell, 

and  what  chemical  changes  occur  in  the  oeU  when  in  action  P 

12.  Plates  of  platinum  and  copper  are  dipped  into  a  solution  of  copper 
sulphate.  What  effects  are  produced  upon  them  if  a  cunent  is 
passed  through  the  liquid  from  the  copper  to  the  platinum? 

13.  A  current  flows  through  a  copper  wire,  which  is  thicker  at  one  end 
than  at  the  other.  If  there  is  any  difference  either  (1)  in  the 
strength  of  the  current  at,  or  (2)  in  the  temperature  of,  the  two 
ends  of  the  wire,  state  how  they  differ  from  each  other,  and  why. 

14.  An  insulated  copper  wire  is  wound  round  a  glass  tube,  AB,  from 
end  to  end,  and  a  current  is  sent  through  it,  which  to  an  observer 
looking  at  the  end  A,  appears  to  go  round  in  the  same  direction  as 
the  hands  of  a  watch.  A  rod  of  soft  iron  is  held  (1)  inside  the 
tube;  (2)  outside  but  parallel  to  the  tube.  What  will  be  the 
magnetic  pole  at  that  end  of  the  bar  wluch  is  nearest  to  the 
observer  in  each  caseP 


Digitized  by  VjOOQIC 


DC. — MAGNETISBC  AND  ELECTRICITY.  67 


Second  Stage  or  ▲dTaneed  Ezaminatioii. 

Instructions. 

Read  the  General  InstractionB  at  the  head  of  the  Elementary  paper. 

Yon  are  not  permitted  to  attempt  more  than  eight  questions. 

You  may  only  select  two  in  Magnetism,  three  in  Frictional  Electricity, 
and  three  m  Voltaic  Electricity. 

The  value  attached  to  each  question  is  the  same. 


Jnaffnetisvn, 

21.  The  north-seekinff  poles  of  two  equal  and  equally  magnetised 

magnets  are  attached  to  the  ends  of  a  light  bar  of  wood,  so  that  the 
magnets  are  parallel  to  each  other  and  at  right  angles  to  the  bar, 
and  the  south-seeking  poles  are  on  opposite  sides  of  it.  If  the 
whole  be  suspended  by  a  thread,  so  that  the  bar  and  the  magnets 
lie  in  a  horizontal  plane,  what  position  will  the  bar  take  up  with 
respect  to  the  magnetic  meridian  ?    Give  reasons  for  your  answer. 

22.  You  are  given  two  bar  magnets,  and  you  are  told  that  the  magnetic 
moment  of  one  b  twice  as  great  as  that  of  the  other.  How  will 
you,  by  means  of  a  torsion  balance,  test  the  correctness  of  this 
statement? 

23.  An  iron  ball  is  held  due  north  of  a  compass  needle.  Describe  the 
niotions  of  the  needle  as  the  ball  is  carried  round  it  in  a  circle  in  the 
direction  north,  east,  south,  west,  north. 

24.  A  bar  magnet  which  can  move  only  in  a  horixontal  plane  is  caused 
to  vibrate  at  three  difEerent  stations.  A,  B,  and  C.  At  A  it  makes 
20  vibrations  in  1  minute  30  seconds;  at  B,  25  vibrations  in 
1  minute  40  seconds ;  at  C,  20  vibrations  in  2  minutes.  Find  three 
numbers  proportional  to  the  forces  which  act  upon  the  magnet  at 
the  three  places. 

FSrictional  Electricity, 

25.  Two  conducting  spheres,  the  diameters  of  which  are  in  the  propor- 
tion 1  :  2,  are  charg^  with  equal  quantities  of  positive  electricity. 
They  are  placed  in  turn  near  to  another  positively  charged  sphere 
(S),  so  that  the  distances  between  the  centres  are  m  each  case  tiie 
same.  Find  the  ratio  of  the  forces  with  which  S  is  in  each  case 
repelled,  assuming  that  the  charges  are  uniformly  distributed  over 
the  spheres. 

26.  Two  charged  insulated  metal  spheres  are  connected  by  a  louff  wire. 
If  theur  radii  are  1  and  2  feet  respectively,  on  which  is  the  (Tensity 
of  the  charge  the  greater,  and  what  is  the  relation  between  the 
densities  on  the  k^er  and  smaller  respectively  P 

27-  Two  Leyden  jars  are  charged,  one  with  5,  the  other  with  10  turns 
.  of  an  electrical  machine,  the  outer  coatings  of  the  jars  being  con- 
nected with  the  ground.  If  in  the  second  jar  (which  receives  the 
larger  charge)  the  tinfoil  surface  is  twice  as  great,  and  the  glass 
is  twice  as  thick  as  in  the  first,  compare  the  quantities  of  neat 
produced  by  discharging  them. 

A  2 
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28.  Two  insulated  metal  balls,  of  which  one  only  is  electrified,  ire 
placed  near  each  other.  If  an  onelectrified  plate  of  paraffin  is 
introduced  between  them,  how  is  the  distribution  of  the  electricity 
on  the  balls  altered  P 

29.  An  electrophorus  after  being  charged  in  the  ordinsry  way,  is  placed 
on  the  cap  of  an  electroscope.  The  metal  cover  is  then  placed  on 
the  electrophorus  by  means  of  its  insulating  handle,  and,  lastly, 
the  cover  is  momentarily  touched  with  the  finger.  Describe  and 
give  reasons  for  the  behaviour  of  the  gold  leaves  in  each  of  these 
three  cases. 

VoUaic  BleetrieUy. 

30.  Six  similar  cells  are  arranged  in  series,  and  the  circuit  completed 
through  a  coil  of  wire  and  a  galvanometer.  The  resistances  of  the 
battery,  coil,  and  galvanometer  are  lO,  50,  and  20  ohms  respec- 
tively. If  the  difference  of  potential  between  the  terminals  of  the 
galvanometer  be  2  volts,  what  is  the  electromotive  force  of  each 
cell  of  the  battery  P 

31.  A  wire,  the  total  resistance  of  which  is  4  ohms,  is  bent  into  the 
form  of  a  square,  ABCD,  the  loose  ends  being  soldered  together. 
Find  the  resistance  of  the  system  when  a  current  enters  at  B  and 
leaves  at  D.  Will  it  be  modified  if  the  comers,  A  and  C,  are 
connected  by  another  wire  P 

32.  A  current  flows  throujgh  two  troughs,  which  are  connected  in 
multiple  arc,  and  contain  a  solution  of  copper  sulphate.  If  all  the 
circumstances  of  the  two  paths  which  are  thus  open  to  the  current 
are  the  same,  except  that  the  metal  plates  by  which  it  enters  and 
leaves  the  liquid  are,  in  the  one  case  copper,  and  in  the  other  plati- 
num, will  the  currents  be  equally  strong  in  the  two  troughs  P  Give 
reasons  for  your  answer. 

33.  A  tangent  galvanometer  is  placed  with  its  coil  perpendicular  to  the 
magnetic  meridian.  When  no  current  is  passing  through  it,  the 
needle  when  set  in  i*ibration  oscillates  10  times  in  15  seconds.  Will 
the  rate  of  vibration  be  altered  when  a  current  is  passing  through 
the  coil,  and  if  so,  will  it  be  increased  or  diminished  P 

34.  A  wire  is  held  in  the  magnetic  meridian  over  a  compass  needle,  and 
a  current  is  passed  through  it  of  sufficient  strength  to  deflect  the 
needle  through  an  angle,  which  cannot  be  distinguished  from  a 
right  angle.  Show  that  when  the  needle  is  thus  displaced  the 
current  tends  to  lift  it  from  its  pivot. 


KonouTB  Examinatioii. 

Full  marks  can  only  be  got  by  answering  all  the  questions. 


41.  Describe  the  operations  necessaiy  for  the  determination  of  the 
moment  of  a  given  bar  magnet  in  absolute  measure. 

42.  Discuss  methods  of  finding  the  specific  resistance  of  a  material,  of 
which  a  bar,  2  metres  long,  and  1  square  centimetre  in  cross  section, 
is  given. 
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43.  The  tenninals  of  the  secondftty  of  a  Ruhmkorff  coil  are  connected 
with  the  quadrants  of  a  charged  quadrant  electrometer.  Discuss 
the  behaviour  of  the  electrometer  when  the  coil  is  in  action.  Will 
any  change  in  the  int^cation  of  the  instrument  be  observed  ivhen 
one  pair  of  quadrants  is  put  to  earth  P 

44«  Describe  a  method  of  comparing  the  coefficient  of  self-induction  of 
a  coil  with  the  coefficient  of  mutual  induction  between  it  and 
another  ooiL 

45.  Write  a  short  essay  on  the  source  of  the  energy  of  the  electric 
current  in  a  thermoelectrio  circuit. 


Practical  Szaminatlon. 
I. 


Compare  ihe  moments  of  the  two  magnets  supplied  to  you  by  the  two 
following  methods : — 
(1.)  By  means  of  the  deflections  they  produce  in  a  suspended 

magnet; 
(2.)  By  comparing  their  times  of  vibration  and  determining  their 
moments  of  inertia  by  weighing  and  measurement. 

IL 

1.  Measure  the  resistances  of  the  wires  supplied  to  you  by  means  of 
the  Post  Office  bridge.  Determine  tneir  dimensions  and  the 
specific  resistances  of  the  materials  of  which  they  are  composed. 

2.  Compare  the  resistances  of  two  wires  by  means  of  the  ballistic 
galvanometer.  For  this  purpose  you  are  supplied  with  a  condenser, 
battery,  galvanometer  key  and  wires. 

3.  You  are  given  10  Groves  cells,  a  ballistic  galvanometer,  a  shunt 
without  self-induction,  a  condenser  and  key.  Observe  the  deflec- 
tion produced  by  discharging  the  condenser  through  the  galvano- 
meter after  it  has  been  clmrged  by  each  of  the  10  cells  in  turn. 
Shunt  the  galvanometer  to  one-tenth  and  observe  the  deflection 
produced  when  the  condenser  has  been  charged  by  the  10  cells 
arranged  in  series.  The  mean  of  the  10  deflections  obtained  when 
the  galvanometer  was  not  shunted  must  be  either  greater,  equal  to, 
or  less  than  the  deflection  obtained  by  using  all  10  cells  when  it 
was  shunted.  Discuss,  in  view  of  the  results  of  your  experiments, 
the  relation  between  them. 
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4.  Name  and  give  the  formula  of  a  salt,  and  describe  ho«r  you  would 
prepare  it.  (8.) 

5.  What  do  you  understand  l>y  the  density  of  a  gas  ?  llie  volume  of 
a  given  weight  of  a  gas  has  to  be  calculated  at  the  standard  tem- 
perature and  pressure.    What  does  this  mean  P  (13.) 

6.  How  oould  you  prove  that  chlorine  is  a  constituent  of  common  salt 
and  of  hydrochloric  acid  7  Calculate  the  per-centage  composition 
of  these  two  substances.  (131) 

7*  Why  are  the  nitrogen  and  oxygen  in  nitrous  oxide  said  to  be  in  a 
state  of  combination,  and  why  in  air  are  they  said  to  be  in  a  state 
of  mixture?  (12.) 

8.  Name  the  principal  gases  in  the  air?  How  is  their  amount  deter- 
mined? (10.) 

9.  How  many  cubic  centimetres  of  oxygen  and  of  hydrogen  are  obtain- 
able from  10  grams  of  water  P  (16.) 

10.  What  sulphur  compounds  occur  in  nature?  Describe  the  chief 
properties  of  sulphur,  and  ^te  how  it  may  be  converted  into  its 
various  allotropio  modifications.  (11.) 

11.  Express  in  the  form  of  equations  the  action  of — 

(1.)  Heat  upon  ammonium  nitrate. 

(2.)  Hydrogen  upon  (a)  cold,  (6)  hot  copper  oxide. 

(3.)  Sulphuric  acid  upon  ferrous  sulphide. 

(4.)  Hydrochloric  acid  upon  chalk. 

(5.)  Sulphuric  acid  upon  nitre.  (13.) 

12.  How  is  sulphuretted  hydrogen  prepared  P  What  are  its  properties, 
and  what  is  formed  when  it  burns  in  air  P  (9.) 


AUematiTe  First  Stage  or  Elementary  Examination. 

Instructions. 
You  are  permitted  to  attempt  only  eight  questions. 


21.  Some  soil  is  shaken  up  with  distilled  water.  How  oould  you  prove 
that  some  of  it  has  been  dissolved  P  (8.) 

22.  Describe  an  experiment  to  show  that  when  a  substance  bums  in 
air,  cxygen  combines  with  the  burning  body.  (12.) 

23.  What  is  the  chemical  nature  of  fail  How  may  it  be  converted  into 
soap?  What  is  the  difference  in  chemical  composition  between 
"hard"  and  ''son'*  soapP  Describe  the  action  of  soap  upon 
hard  water.  (15). 
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24.  What  happeuB  when  sulpbur  biiniB  in  air?  How  do  you  aoeoimt 
for  the  peculiar  smell  of  burning  sulphur  P  (11.) 

25.  What  is  the  composition  of  limestone?  Name  other  substaneea  of 
the  same  composition.  Explain  what  occurs  when  limestone  (1)  is 
strongly  heated ;  and  (2)  is  placed  in  dilute  hydrochloric  acid. 

(13.) 

26.  How  could  you  prove  that  hot  water  dissolves  more  nitre  than  odd 
water?  (10.) 

27.  Of  what  chemical  elements  is  sugar  composed?  What  hapnens 
when  a  solution  of  sugar  is  mixed  with  yeast  ?  (lO.) 

28.  What  u  the  chemical  nature  of  clay,  gypsum  (plaster  of  Puis), 
gUMs  and  chalk  P  (13.) 

29.  What  is  the  principal  source  from  which  tartaric  add  is  obtained? 
Of  what  elements  is  it  compared  ?  Describe  what  happens  whan  it 
is  added  to  a  solution  of  carbonate  of  soda.  (13.) 

30.  In  what  respects  does  metallic  lead  differ  from  red  lead  P  How  can 
the  one  be  converted  into  the  other?  (9.) 

31.  How  can  you  obtain  alcohol  from  beer  ?    What  is  proof  spirit  P 

(13.) 

32.  Of  what  metals  is  a  penny  comnosedP  What  is  the  difforenoe 
between  an  alloy  and  an  amalgam  P  (9.) 


Second  Stage  or  Advanced  Szamination. 

Instructions. 

Read  the  General  Instructions  at  the  head  of  the  Elementary  paper. 

You  are  only  permitted  to  attempt  eight  questions. 

Whenever  possible,  you  are  to  express  the  reactions  in  equations. 

You  are  to  give  such  numerical  detuls  as  will  show  the  mode  of 
calculation. 


H  =  l.    0  =  16. 

41.  2*0676  grams  of  hydrogen  when  passed  over  heated  oxide  of  copper 
yielded  18*7406  grams  of  water.  Calculate  the  atomic  weight  of 
oxygen.  (12.) 

42.  How  would  }rou  convert  sodium  carbonate  into  sodium  sulphite; 
carbon  dioxide  into  carbon  monoxide  ;  iodine  into  iodic  acid; 
fluorspar  into  hydrofluoric  acid  P  (12.) 

43.  How  could  you  prove  that  the  molecule  of  water  contains  2  atoms 
of  hydrogen  P  (15.) 

44.  Of  what  value  is  a  knowledge  of  the  spedfie  heat  of  an  element  in 
determining  its  atomic  weight  P  (]  I.) 
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45.  How  could  you  prepare  the  chloride,  sulphide^  and  sulphate  of 
manganese  nom  black  oxide  of  manganese  P  (12.) 

46.  How  are  the  different  kinds  of  phosphoric  acid  prepared  P    Give 
the  formulee  of  the  corresponding  sodium  phosphates.  (15.) 

47.  Describe  the  methods  of  converting  common  salt  into  soda  ash, 
soda  crystals,  and  caustic  soda.  (10.) 

48.  What  is  the  action  of  water  on  the  following  substances  :  bismuth 
chloride,  silicon  fluoride,  phosphorus  pentachloride,  red-hot  iron  P 

(12.) 

49.  The  molecules  of  most  elementary  substances  consist  of  two  atoms. 

Name  the  exceptions  to  this  law.  (11.) 

50.  How  is  bleachinff  powder  prepared  P    Give  its  formula  and  explain 
how  it  acts  as  a  oleaching  agent.  (ll.) 


Honours  Examination* 

Instritctions. 

Read  the  General  Instructions  at  the  head  of  the  Elementaiy  paper. 

You  are  only  permitted  to  attempt  m  questions. 

Whenever  possible,  you  are  to  express  the  reactions  in  equations. 

You  are  to  give  such  numerical  details  as  will  show  the  mode  of 
calculation. 


61.  What  is  meant  by  the  atomic  volume  of  a  substance  P  How  is  it 
determined  P         ^  (13.) 

62.  Describe  the  experiments  by  which  the  constitution  of  ozone  has 
been  definitely  established.  (14.) 

63.  When  equivalent  quantities  of  soda,  nitric  acid,  and  sulphuric  add 
mutually  react  in  a  dilute  aqueous  solution,  two-thirds  of  the  soda 
combines  with  the  nitric  acid  and  one-third  with  the  sulphuric 
acid.    How  has  this  fact  been  ascertuned  P  (18.) 

64.  Give  an  account  of  the  present  state  of  knowledge  of  the  theory  of 
illuminating  flames.  Why  is  the  flame  of  the  Bunsen  lamp  non- 
luminous  P  (18.) 

65.  Describe  the  experiments  by  which  Victor  Meyer  has  shown  that 
the  molecule  of  iodine  suffers  disGDciation  at  high  temperatures. 

(160 

66.  How  can  the  density  of  a  gas  be  determined  irom  its  rate  of  diffu- 
sion. If  a  gas  diffuses  1*0143  times  as  rapidly  as  air,  what  is  its 
density  P  (15.) 

67.  Describe  in  detail  the  Weldon  chlorine  process.  (16.) 

68.  Draw  up  a  scheme  for  the  estimation  of  carbon  (free  and  combined), 
sulphur,  phosphorus,  silicon,  in  cast-iron.  (17.) 
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SUBJECT  Xp.    PRACTICAL  INOSaANIC 
CHEHISTBY. 

Elsmsntart  Stags. 

ExAMiNUS,  W.  J.  RUSSELL^  Eso.,  Ph.D.,  F.R.S.,  and 
PROFESSOR  T,  E.  THORPE,  B.Sc,  Ph.D.,  F.R.S. 


Instructions. 
If  the  rnlee  are  not  attended  to,  the  paper  will  be  cancelled. 

You  an  only  permitted  to  attempt  two  questions. 

Put  the  number  of  your  question  before  your  answer. 

The  yalue  attached  to  each  question  is  indicated  by  a  number  placed 
at  the  end  of  the  question. 

You  are  to  confine  your  answers  strictly  to  the  questions  proposed. 

Your  name  is  not  giren  to  the  Examiners,  and  you  are  forbidden  to 
write  to  them  about  your  answers. 

T%e  examination  in  this  paper  lasts  far  one  honr. 


1.  How  can  ferrous  sulphate,  ferric  chloride,  and  hydrated  ferric  oxide 
be  prepared  from  iron  wire  P  (15.) 

2.  Two  solutions  are  given  to  you.  One  contains  a  salt  of  lead ;  the 
other  hTdrochlorio  acid.  What  tests  would  you  apply  to  identify 
the  lead  and  the  hydrochloric  acid  P  (10.) 

3.  Draw  and  describe  an  apparatus  to  show  that  when  dry  hydrogen 
bums  in  air,  water  is  formed.  (10.) 
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SUBJECT  Xp.    PRACTICAL  INOSGANIC 
CHEHI8TBY. 


PRACTICAL  EXAMINATION  IN  CHEMICAL  ANALYSIS, 


ExAUiNBRS,  W.  J.  RUSSELL,  Esq.,  Ph.D.,  F.R.S.,  and 
PROFESSOR  T.  £.  THORPE,  B.Sc,  Ph.D.,  F.R.S. 


InstrwsHans  to  Candidates. 
Analysis  Tables  and  Works  on  Chemistry  may  VOT  be  used. 

Blementarj  Stage. 

The  practical  work  for  the  elementary  stage  examination  is  confined 
to  the  qualitative  analysis  of  two  mixtures,  each  containing  not  more 
than  two  metals  and  one  acid  from  the  following  list  :— 

Lead,  mercury,  bismuth,  iron,  calcium,  potassium,  ammonium, 
carbonic  add,  nitric  acid,  sulphuric  acid,  nydrochloric  acid. 

Two  and  a  quarter  hours  are  allowed  for  this  part  of  the  examnation. 
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SUBJECT  Xp.    PRACTICAL  INOSaANIC 
CHEMISTBY. 

AdTaaced  Stage. 

ExAuiNSBfi,  W.  J.  RUSSELL,  Esq.,  Ph.D.,  F.R.S.,  and 
PROFESSOR  T.  E.  THORPE,  B.Sc,  Ph.D.,  F.R^. 


GsNERAL  Instructions. 
If  the  rules  are  not  attended  to,  the  paper  will  be  cenedled. 

Yon  an  only  pennitted  to*  attempt  two  questions. 

Put  the  number  of  the  question  before  your  answer. 

The  value  attached  to  each  question  is  indicated  by  a  number  pbced 
at  the  end  of  the  question. 

Whenever  possible  you  are  to  express  reactions  in  equations. 

You  are  to  confine  your  answers  strictly  to  the  questions  proposed. 

Your  name  is  not  given  to  the  Examiners,  and  you  are  forbidden  to 
write  to  them  about  your  answers. 

The  ewamnation  in  tkisptq^  lasts  for  one  kowr. 


1.  Give  a  sketch  of  the  apparatus  vou  would  employ  to  make  pure 
carbonic  oxide  from  oxalic  acid,  and  explain  the  theory  of  the 
process.  (la) 

2.  Give  equations  representing  the  action  of  sulphuretted  hydro^ 
upon  solutions  of  the  foUowing  substances  : — ^Arsenious  aad ; 
silver  nitrate  ;  caustic  potash ;  ferrous  sulphate ;  ferric  chkoide ; 
bismuth  chloride ;  conosive  sublimate.  (15.) 

3.  Describe  the  preparation  of  a  solution  of  hydxiodio  add  from  phos- 
phorus and  iooine.  Give  equations  representing  the  changes 
which  occur.  (10.) 
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SUBJECT  l[p.    PBACTICAL  INOBGAinC 
CHEMISTRY. 


PRACrnCAL  EXAMINATION  IN  CHEMICAL  ANALYSIS. 


ExAMiKBRS,  W.  J.  RUSSELL,  Esq.,  Ph.D.,  F.R.S.,  and 
PROFESSOR  T.  E.  THORPE,  B.Sc,  Ph.D.,  F.R.S. 


Instruetunu  to  Candidates, 
Analyiis  Tables  and  Works  on  Chemistry  may  hot  l)e  nsed. 

Adranced  Stage. 

The  two  test  substances  8upi>lied  for  qaalitative  analTsiB  to  candidates  in 
the  advanced  stage  consist  of  mixtures,  each  of  which  ma^  consist 
of  not  more  than  two  simple  salts,  the  materials  of  which  may 
be  selected  from  the  following  list  r-^Potassium,  sodium,  am* 
moninm,  magnesium,  calcium,  strontium,  barium,  aluminium, 
chromium,  zinc,  manganese,  iron,  cobalt,  nickel,  arsenic,  antimony, 
tin,  cadmium,  copper,  bismuth,  mercury,  lead,  silver,  hydrosulphunc 
acid,  hy^rochlonc  acid,  hydrobromic  add,  hydriodic  acid,  std- 
phurous  acid,  nitric  acid,  chloric  acid,  carbonic  add,  hydrofluoric 
add,  phosphoric  add,  sulphuric  acid. 

Three  and  a  quarter  hours  are  allowed  for  this  part  of  the  examination. 


'Sonotura* 

Three  substances  are  supplied  to  each  candidate  in  Honours,  two  for 
qualitative  and  the  tlurd  for  quantitative  analysis. 

The  two  substances  supplied  for  qualitative  analysis  consist  of  mixtures, 
which  must  be  examined  for  aU  the  bodies  named  above  in  the 
instructions  for  the  advanced  stage. 

The  substance  for  quantitative  analysis  need  not  be  analysed  quali- 
tativdy. 
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QUANTITATIVE  ANALYSIS. 

Eacli  candidate  is  furnished  with  a  numbered  bottle  containing  a 
powder  in  which  lead  has  to  be  quantitatively  determiDed. 

The  results  must  be  expressed  in  grams  of  lead  (I^b)  in  100  grams  of 
the  powder  (Pb  =  206*4). 

The  candidate  is  recommended  to  weigh  out,  accuraSefy,  firom  1  to  2 

grams  of  the  powder^  for  the  purpose  of  analysis. 
The  candidate  must  not  omit  to  place  u^n  his  worked  paser  the 
number  attached  to  the  bottle   containing  the  powder  ne  hts 
analysed. 
Bight  ktmn  are  allowed  for  the  examiitatitms  in  quaUtaUoe  aad 
quantitative  anafysie  in  Honours, 


SUBJECT  ZI.    ORGANIC  CHEMI8TSY. 

ExAMiNKRi,  W.  J.  RUSSELL,  Esq.,  Ph.D.,  F.R.S.,  and 
PROFESSOR  T.  E.  THORPE,  B.Sc,  Ph.D.,  F.R.S. 


Gbkbral  Instructions. 
If  the  rnlea  are  not  attended  to,  the  paper  will  be  cancelled. 

You  may  take  the  Elementary,  or  the  Advanced,  or  the  Honoars 
paper,  but  you  must  confine  yours^f  to  one  of  them. 

Put  the  number  of  the  question  before  your  answer. 

'Whenever  possible,  you  are  to  express  the  reactions  by  equations. 

You  are  to  give  such  numerical  detaOs  as  will  show  the  mode  of 
calculation. 

The  value  attached  to  each  question  is  indicated  by  a  number  phuced 
at  the  end  of  the  question,  but  a  full  and  correct  answer  to  an  easy 
(juestion  will  in  all  cases  seciure  a  larger  number  of  marks  than  an 
incomplete  or  inexact  answer  to  a  more  oifGiciilt  one. 

You  are  lb  confine  your  answers  strictfy  to  the  questions  proposed. 

Your  name  is  not  given  to  the  Examiners,  and  you  are  forbidden  to 
write  to  them  about  your  answers. 

The  exanmation  in  this  stUtject  lasts  for  three  hours. 
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XHnt  Stage  or  Slementary  Szamlnation, 

Instruotions. 
You  are  permitted  to  attempt  only  eight  questions. 


Ag  =  108.    C  =  12.    0  =  16.    H=l. 

1 .  What  is  the  weight  of  carbon  and  of  hydrogen  contained  in  10  grams 

of  silver  acetate?  (13.) 

2.  What  is  the  diiference  between  spirits  of  wine  and  wood-spirit  P 

If  these  bodies  are  oxidised  what  is  the  composition  of  the  sub« 
stances  formed  P  (12.) 

3.  Describe  how  one  of  the  following  bodies  can  be  prepared  syntheti- 

cally :  alcohol,  acetylene,  marsh-gas.  (13.) 

4.  When  aldehyde  is  warmed  with  silver  nitrate  solution,  metallic 

silver  is  formed ;  when  carbon  dioxide  is  heated  with  sodium  and 
sand,  sodium  oxidate  is  formed ;  and  when  alcohol  is  heated  with 
dilute  sulphuric  acid,  ether  is  formed.  Give  equations  representing 
these  reactions.  (15.) 

5.  What  volume  of  air  containing  21  per  cent,  of  oxygen  is  required  to 

burn  a  litre  of  marsh-gas  P  (13.) 

6.  How  are  chloroform  and  carbon  tetrachloride  usually  prepared? 

How  could  you  distinguish  the  one  from  the  other  P  (10.) 

7.  What  do  you  understand  by  "  substitation  *'  P    Give  examples. 

(9.) 

8.  How  could  you  prepare  acetic  acid  from  sugar  of  lead  P    By  what 

tests  could  you  recognise  the  presence  of  acetic  acid  in  aqueous 
solution  P  (9.) 

9.  How  do  you  prepare  cyanogen  P    Describe  its  properties.    Why  is 

it  called  a  compound  radical  ?  (10. ) 

10.  Calculate  the  empirical  formula  of  a  substance  which  has  the 
foUowing  percentage  composition  : — 

Carbon        -  -    54*54 

Hydrogen   -  -      9' 10 

Oxygen       -  -    36*36 

100-00  (11.) 

11.  What  is  the  difference  between  a  saturated  and  a  non-saturated 
hydrocarbon  P  What  is  the  experimental  proof  that  a  hydrocarbon 
is  saturated  or  non-saturated  P  (13.) 

12.  What  is  "  Sweet  Spirits  of  Nitre  "  ?    How  is  it  made  P  (8.) 
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Second  Stage  or  Advanced  Szaminatlon. 

Instructions. 

Read  the  General  Instmctions  at  the  head  of  the  Elementaiy  paper. 
You  are  permitted  to  attempt  only  eight  questions. 

21.  Why  is  acetic  acid  represented  hy  the  following  formuUe  ? 
CsHA-H.,  CHsCO.OH;  and  C,H,O.OH  P  Give  the  experimental 
evidence  upon  which  these  formulas  are  hased.  (15.) 

L  the  methods  of  determininff  the  mdeoakr  wvif^tB  of  non- 


volatile  acids    and   bases.    Illustrate   yoor   description   by   the 
examples  of  oxalic  acid  and  strychnine.  (12.) 

23.  Describe  the  methods  of  determining  sulphur  and  phosphoma  in 
an  organic  body.  (10.) 

24.  What  is  the  constitutional  difference  between  compounds  of  the 
fatty  series  and  those  of  the  aromatic  series  P  (10.) 

26.  Describe  the  preparation  of  aniline  from  benxene.  How  would  you 
recognise  the  presence  of  aniline  ?  (10.) 

26.  An  alcoholic  solution  of  potassium  bromide  is  heated  with 
ethylene  cyanide,  and  the  liquid  afterwards  boOed  with  caustic 
potash.  Describe  the  changes  which  occur,  and  the  principal 
compound  formed.  (12.) 

27*  Describe  a  process  by  which  you  can  pass  from  the  methylic  to  the 
ethylic  series.  (12.) 

28.  Calcium  acetate  is  heated  alone;  it  is  also  heated  with  calciam 
formate.  Give  the  formula  and  properties  of  the  body  formed  in 
each  case.  (12.) 

29.  Give  the  general  methods  of  preparation  of  the  anhydrides  of  the 
fktty  acids.  (12.) 

30.  A  hydrocarbon  which  has  the  vapour  density  50  gave  the  following 
numbers  on  analysis  : — 

0*3500  gram  gave  1  '0754  gram  CO,  and  0*5050  gram  water. 
Calculate  the  formula  of  the  body.  (15.) 


Honours  Examination. 

Instructions. 


Read  the  General  Instructions  at  the  head  of  the  Elementary  paper. 
You  are  permitted  to  attempt  six  questions. 


41.  What  is  a  glucosideP  Name  the  bodies  of  this  class  in  madder, 
bitter  almonds,  indiffo,  quercitron,  and  willow  bark.  Into  what 
substances  may  they  be  resolved  on  hydrolysis  P  ^17-) 
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42.  Name  and  give  the  most  characteristic  properties  of  the  chief 
alkaloids  of  opium,  cinchona  bark,  tobacco,  hemlock,  and  nux 
vomica.  (16.) 

43.  Give  an  account  of  Emil  Fischer  and  Tafel's  synthetical  experi- 
ments in  the  suj^ar  group.  (18.) 

44.  Describe  any  fatty  compounds  that  can  be  obtained  from  benzene 
compounds  by  processes  of  oxidation  or  of  joint  oxidation  and 
chlorination.  (18.) 

45.  How  can  indoles  be  obtained  from  phenvlhydrazine  derivatives  P 

(16.) 

46.  Describe  how  you  can  determine  by  optical  means  the  amount  of 
cane-sugar  in  a  solution.  (13.) 

47.  Name  the  chief  proximate  constituents  of  blood  P  How  can  they 
beisoktedp  (15.) 

48.  Give  some  account  of  the  connection  which  has  been  traced 
between  the  optical  characters  of  a  body  and  its  chemical  constitu- 
tion. (14.) 


SUBJECT  XIj).    PRACTICAL  OBOANIC 
CHEHISTBY. 

ExAuiNBRS,  W.  J.  RUSSELL,  Esa.,  Ph.D.,  F.R.S.,  and 
PROFESSOR  T.  E.  THORPE,  B.Sc,  Ph.D.,  F.R.S. 


Gensbal  Instructions. 

If  the  roles  are  not  attended  to,  the  paper  will  be  cancelled. 

You  must  take  the  same  stage  in  this  written  examination  that  you* 
are  taking  in  the  examination  in  Practical  Analysis  in  this  subject. 

Put  the  number  of  the  question  before  your  answer. 

The  value  attached  to  each  question  is  indicated  by  a  number  placed 
at  the  end  of  the  question. 

You  an  to  confine  your  answers  strictly  to  the  questions  proposed. 

Your  name  is  not  given  to  the  Examiners,  and  you  are  forbidden  to 
write  to  them  about  your  answers. 

The  examination  in  this  paper  lasts  for  one  hour. 


o    55073.  ^ 
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nrst  Stage  or  Slementarj  Sxaminaticm. 

Inbtructions. 
You  an  only  permitted  to  attempt  two  questions. 

1.  Describe  how  you  would  carry  out  the  following  eroeriments  :— 

(a)  The  preparation  of  formic  acid  from  oxalic  acid. 

(b)  The  preparation  of  acetic  acid  from  alcohol.  (15.) 

2.  What  are  the  tests  for  tartaric  and  oxalic  acids  ?    Give  equations. 

(lU.) 

3.  How  would  you  obtain  pure  ether  firom  a  mixture  of  alcohol  and 
ether?  (1^-) 


Second  Stage  or  Advanced  Examination^ 

Instructions. 
Read  the  General  Instructions  at  the  head  of  the  Elementary  paper. 
You  are  only  permitted  to  attempt  two  questions. 

21.  What  is  meant  by  fractional  distillation  ?    How  is  it  carried  out? 
Sketch  the  apparatus  used.  (15.) 

22.  A  sample  of  cane  sucrar  is  suspected  to  contain  glucose.    How 
could  you  prove  if  such  were  the  case  ?  (10.) 

23.  How  could  you  show  that  glycerine  can  be  obtained  from  suet? 

m 


SUBJECT  XIp.    FBACTIOAL  OBGANIC 
^CHBMISTET. 

PRACTICAL  EXAMINATION  IN  CHEMICAL  ANALYSIS. 


Examiners,  W.  J.  RUSSELL,  Esq.,  Ph.D.,  F.R.S.,  and 
PROFESSOR  T.  E.  THORPE,  B.Sc,  Ph.D.,  F.R.S. 


Instructions  to  Candidates^ 
AnalyBis  Tables  and  Works  on  Chemistry  may  hot  be  uaed. 
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Slementary  Stage. 

The  practioal  work  for  tlie  Elementary  Stase  Examination  is  confined 
to  the  qnalitatiye  analysis  of  two  mixtures^  mnoh  may  each  contain  not 
more  tnan  two  of  the  following  constituents^  together  with  an  inorganic 
base  or  bases  which  need  not  be  determined : — 

Formic  aoid«  acetic  acid«  oxalic  acid^  tartaric  acid>  salicylic  acid. 
TSoo  and  a  quarter  hours  are  aUowedfor  this  part  qftht  examination. 


Advanced  Stage. 


The  practical  wotk  for  the  advanced  stage  examination  is  confined  to 
the  qualitative  analysis  of  two  substances^  each  of  which  may  contain 
not  more  than  two  organic  bodies  selected  from  the  followinjgr  list : — 
Hydro-(^ranic  acid,  oxalic  add,  acetic  acid,  tartaric  add,  dtric 
acid,  salicylic  add,  grape  sagar,  starch,  morplune,  and  urea. 

Any  inorganic  bodies  present  need  not  be  determined. 

Thret  and  a  quarter  hours  are  aUowedfor  this  part  of  the  examination. 


Honours. 

The  examination  in  Honours  consists  of  a  qualitative  analysis  of  the  two 
mixtures  supplied,  and  of  the  determination  of  the  percentage  of 
nitrogen  contained  in  the  organic  substance  distributed  for  this 
purpose. 

The  bottle  marked  (A)  contains  a  substance  in  which  the  percentage  of 
nitrogen  is  to  be  determined  by  Organic  Analysis  • 

Eiffht  hours    are    allowed  for    the  examinations  in    qualitative  and 
quantitaiwe  analysis  in  Honours, 
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SUBJECT  Zn.     OEOLOGY. 

ExAuiKBK,  H.  W.  BRISTOW,  F.R.S.,  F.G.S. 

General  Instructions. 

If  the  rnlee  are  not  attended  to,  the  paper  will  T)e  caaceHed. 

You  may  take  the  Elementarj^  or  the  Advanced^  or  the  Honours 
paper«  bat  yoa  most  confine  yoonelf  to  one  of  them. 

Put  the  number  of  the  qoestion  beibreyonr  answer. 

You  are  to  confine  your  answers  stridly  to  the  questions  proposed. 

The  value  attached  to  each  question  in  the  Elementary  and  Advanced 
papers  is  shown  in  brackets  after  the  question,  but  a  full  and  oonreet 
answer  to  an  easy  question  will  in  all  cases  secure  a  larger  number  of 
marks  than  an  incomplete  or  inexact  answer  to  a  more  difficult  one. 

Your  name  is  not  given  to  the  Examiner,  and  you  are  forbidden  to 
write  to  him  about  your  answers. 

Tie  examimaiion  in  tkUtubject  Uutsfor  three  hours. 


Tint  Stage  or  Elementary  SzaxninatloB. 

Instructions. 

Read  the  General  Instructions  above. 

You  are  permitted  to  attempt  ei^ht  questions  only. 


1.  Draw  a  section  showing  Fault,  Outlier,  Synclinal,  Unconformity, 
Inlier.  (20.) 

2.  AVhat  mineral  substances  are  carried  down  by  riven  P  What 
becomes  of  these  when  the  rivers  reach  the  sea  ?    ^  (20.) 

3.  How  does  a  ''mineral"  differ  from  a  "rock"?  Mention  three 
examples  of  each.  (12.) 

4.  Give  a  brief  description  of  the  Triassic  rocks  of  England.       (12.) 

5.  Enumerate  the  genera  of  MoUusca  by  means  of  which  vou  would 
be  able  to  distinguish  deposits  formed  in  firesh  water  nom  those 
formed  in  salt  water.  (12.) 

6.  Describe  the  mode  of  formation  of  limestone  rocks.  (8.) 

7.  Explain  the  theory  of  Artesian  Wells,  and  illustrate  your  answer  1^ 
means  of  a  diagram.  (8.) 

8.  What  are  soUsP    Explain  their  origin.  (8.) 

9.  What  is  the  difference  between  Slate  and  Shale?  (8.) 

10.  In  the  case  of  a  cone-shaped  hill,  how  would  you  determine  if  this 
were  a  volcano  P  (8.) 
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1 ) .  To  what  is  the  colour  of  red  rocks  generally  due  P  (8.) 

12.  What  is  the  difFerenoe  between  Sandstone,  Quartz,  and  Quartzite  P 

(8.) 


Second  Stage  or  Advanced  Examination. 

Instructions. 

Read  the  Genera]  Instructions  on  p.  84. 

You  are  permitted  to  attempt  m  questions  onlj. 


21.  What  is  Unconformabilitj  P  Draw  a  section  showing  any  district 
in  England  to  illustrate  your  answer,  naming  the  district  illustrated, 
and  the  rocks  shown.  (45.) 

22.  State  what  you  know  as  to  the  evidence  for  a  high  temperature  in 
the  Earth's  interior.  (45.) 

23.  Briefly  descrihe  the  upper  limit  of  the  Camhrian  group  of  rocks,  as 
defined  hy  various  authorities.  (33.) 

24.  Explain  how  a  vertical  shaft  may  intersect  the  same  hed  of  Coal 
more  than  once.  Explain,  also,  how  the  shaft  may  foil  to  &id 
another  seam  known  to  be  present  in  that  district  within  the  verti- 
cal range  traversed  by  the  shaft.  (33.) 

25.  If  well-rounded  blocks  of  stone  eortr  the  surfoce  of  a  certain  area» 
how  would  vou  ascertain  if  these  have  been  transported  from  a 
distance,  or  have  been  produced  hj  weathering  on  the  spot  P  In 
the  latter  case,  what  rocks  are  most  likely  to  yield  such  blocks  P 

(22.) 

26.  Describe  the  beds  which  usually  come  between  the  Oxford  and 
Kimeridge  Clays.  In  what  part  of  England  are  these  beds  absent, 
and  how  may  ike  clays  be  then  distinguished  ?  (22.) 

27.  Describe  the  rocks  to  which  the  term  Syenite  has  been  applied. 

(22.) 

28.  Roughly  sketch  a  map  of  England  and  Wales,  marking  on  it  the 
area  occupied  by  the  Cretaceous  rocks,  or  by  the  Silurian  and  Cun« 
Iniim  rocks.  (22.) 

29.  A  sample  of  dav  containing  Fossils  may  be  either  London  Clay, 
Gault,  or  Oxford  Clay.  How  might  you  determine  its  geologi(»l 
ageP  (22.) 

30.  Draw  a  section  showing  igneous  rocks  : — Ist  as  dykes,  2nd  as  intru- 
sive sheets,  and  3rd,  as  contemporaneous  beds.  (22.) 

31.  What  ai«  Joints  in  rocks  P  How  have  they  been  produced  P  Ex- 
plain the  origin  of  jointed  structure.  (22.) 
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Honotm  Ssaminatloiu 

Instbuctionb. 

Read  ihe  General  Instractions  on  p.  84. 

You  ara  permitted  to  attempt  all  the  questions. 

The  Talue  attached  to  each  question  is  the  same. 


41.  Describe  Dsrwin's  explanation  of  the  origin  and  distribution  of 
Coral  Reefs.      Sketch  the  recent  history  of  opinion  upon  this 

question. 

42.  Describe  the  Tertiary  Toloanic  rocks  of  Britam. 

43.  How  does  Caldte  differ  from  Aragonite  P  Describe  the  part  whiuh 
eac^  plays  in  the  structure,  formation  and  preserratioii  of  Mol- 

luscan  shells. 

44.  Explain,  by  the  aid  of  diagrams,  how  the  "  throw  "  of  a  &ult  may 
vaiy  along  the  strike. 

45.  Describe  some  recent  researches  and  discussions  as  to  the  origin  of 
the  Crystalline  Schists.  Illustrate  your  answer  by  reference  to 
some  special  district. 

46.  Arrange  the  following  Fossils  in  vertical  columns,  in  order  of  thdr 
geological  a^e,  writing  against  each  one  the  name  of  the  fotmatioQ 
of  which  it  is  characteristic,  and  the  name  of  the  sub-division  in  the 
Animal  Kingdom  to  which  it  belongs: — ^Ammonites  discus,  A. 
Jason,  A.  margaritatus,  A.  varians,  Ampyx  nudus,  Cardinia  Listeri, 
Cyrena  consolnrina,  0.  cuneiformis,  Fusus  contrarius,  Hippopodium 
ponderosum,  lima  gigantea^  OrthiscaUisramma,  Phaoops  caudatus, 
Productus  semireticulatus,  Spirifer  gliu>ra,  S.  Walcotti,  Terebia- 
tula  obovata,  Unio  Valdensis. 
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SUBJECT  XIII.    MINERALOGT. 

Examiner,  F.  RUTLEY^  Esq. 


General  Instructions. 
If  the  mlefl  are  not  attended  to,  the  papers  will  be  cancelled. 

You  may  take  the  Elementary,  or  the  Advanced,  or  the  Honours 
paper,  in  accordance  with  the  application  which  has  been  made,  but  you 
mnst  confine  yourself  to  one  of  them. 

Put  the  number  of  the  question  before  your  answer. 

You  are  to  confine  your  answers  strictly  to  the  questions  proposed. 

Your  name  is  not  given  to  the  Examiner,  and  you  are  forbidden  to 
write  to  him  about  your  answers. 

Tike  examination  in  this  subject  lasts  for  three  hours. 


First  Stage  or  Slementary  ExaminatioB* 

Instructions. 

Yon  are  onhr  permitted  to  attempt  «w  questions  in  all,  of  which  the 
last  question  (No.  10)  is  obligatory. 

The  value  attached  to  each  question  is  shown  in  brackets  after  the 
question. 

1.  What  is  Iceland-spar?    What  are  its  optical  properties  P        (14.) 

2.  How  is  a  tetrahedron  derived  from  an  octahedron?  Name  three 
minerals  which  ciystallize  in  one  or  other  of  these  forms.      (14.) 

3.  Name  three  minerals  which  crystallize  in  the  monoclinic  or  oblique 
svstem,  and  state  the  number  and  relative  positions  of  the  axes  in 
tnese  crystals.  (14.) 

4.  Give  the  chemical  composition  of  the  following  minerals : — 

Blende,  gypsum,  chalybite,  ruby,  graphite,  and  cerussite. 

5.  Describe  three  sulphides  from  which  silver,  copper,  and  antimony 
are  respectively  procured.  (14.) 

6.  What  is  orpiment  ?    By  what  tests  would  you  recognise  it  P 

(14.) 

7.  To  what  useful  purposes  are  the  following  minerals  applied: — 

Orthoclase,  emery,  muscovite,  cmnabar,  kaolin,  and  asbestusP 
State  what  you  know  concerning  the  mode  of  occurrence  of  each  of 
these  minerals.  (14.) 

8.  What  are  the  characters  by  which  you  would  distinguish  apatite 
from  beiyl  and  from  pyromorphite?  (i4.) 
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9.  Define  the  terau  renifona^  stalActiiic,  pieolitic,  and  dendritic. 

(14.) 
10.  Name  the  tiiiee  Bpecimens  placed  before  yon,  giving  the  systans  in 
which  they  respectively  ci]r>tallize  and  the  chemical  oomnoBition  of 
each.  Also  make  a  blowpipe  analysis  of  the  three  powaered  min- 
erals given  you,  stating  imefly,  but  dearly^  your  results  and  tiie 
means  by  which  you  have  arrived  at  them.  (30.) 


Second  Stage  or  AdTaaced  Szaminatton. 

Instructions. 

Read  the  General  Instructions  at  the  head  of  the  Elementary  paper. 

You  are  only  permitted  to  attempt  six  questions  in  all,  of  which  the 
last  two  (Nos.  29  and  30)  are  obligatory. 

The  value  attached  to  each  question  is  shown  in  brackets  afker  tiie 
question. 


21.  State  what  ^ou  know  concerning  the  mode  of  occurrence  and  the 
crystallisation  of  sulphur.  Draw  a  crystal  of  native  sulphur, 
marising  the  ikoes  with  Miller's  or  Naumann's  symbols.         (14.) 

22.  Name  anj  minerals  which  are  isomorphous  with  magnetite,  and 
state  their  chemical  composition.  (14.) 

23.  In  what  respects  does  a  positive  diiFer  from  a  negative  uniaxial 
crystal?  (14.) 

14.  Describe  the  minerals  pyraigyrite  and  stannine.  (14.) 

26.  In  what  systems  do  the  following  minerals  crystallise;  Antho- 

phyllite,  copper-uranite,  borax,  cdestine,  nitre,  and  mispickel? 

(14.) 

:26.  How  would  you  distinguish  anglesite  from  cerussite,  cerussite  from 
aragonite,  and  angonite  from  calcite  P  (14.) 

27.  Describe  the  construction  and  use  of  a  dichrosoope.  (14.) 

28.  Give  a  short  account  of  the  principal  ores  of  zinc.  (14.) 

29.  Describe  the  six  models  placed  before  you,  naming  a  mineral  which 
crystallises  in  each  of  these  forms.  (14.) 

30.  Name  the  three  specimens  placed  before  you,  giving  the  chemical 
composition  and  crystallographio  system  of  each.  Make,  also,  a 
blowpipe  analvsis  of  the  three  powdered  minerals  supplied  to  you, 
briefly  but  clearly  describing  your  mode  of  procedure  and  the 
results  arrived  at.  (30. 
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Sonoors  Szamliiatioii* 

Instructions. 

Read  the  General  Instructions  at  the  head  of  the  Elementary  paper. 

You  are  only  nermitted  to  attempt  six  questions  in  all,  of  which  the 
last  (No.  48)  is  obligatory. 

The  value  attached  to  each  question  is  shown  in  brackets  after  the 
question. 


41.  In  what  systems  do  the  following 'minerals  crystallise:  Li^rrite, 
wulfenite,  hemimorphite.  leucite,  rarytocalcite  and  native  bismuth  P 

(14.) 

42.  By  what  tests  would  you  distinguish  the  axes  of  maximum,  mean, 
and  minimum  optical  elasticity  from  one  another  in  a  biaxial 
oystalP  (14.) 

43.  Describe  the  phenomena  presented  in  convergent  polarised  light  by 
a  section  of  any  biaxial  czystal  when  cut  at  right  angles  to  one  of 
the  optic  axes.  (14.) 

44.  Draw  two  scalenohedra  of  caldte,  one  being  twinned  upon  the 
basal  plane  and  the  other  upon  the  face  of  the  rhombohedron  2  R. 

(14.) 

45.  Describe  the  minerals  stibnite  and  jamesonite.  (14.) 

46.  Give  an  account  of  the  effects  produced  by  percussion  and  pressure 
upon  rock-salt,  caldte,  musoovite,  and  biotite.  (14.) 

47.  Draw  a  crystal  of  sphene,  marking  the  faces  with  Miller's  symbols. 

(14.) 

48.  Name  the  six  specimens  placed  before  you,  giving  the  chemical 
composition  of  each,  and  the  system  in  which  it  crystallises.  Also 
make  a  complete  qualitative  blowpipe  analysis  of  the  three  powdered 
minerals  set  before  you,  describing  the  results  of  your  analysis  and 
the  means  by  which  you  have  arrived  at  those  results.  (30.) 
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SUBJECT  XIV.    ANIMAL  PHTSIOLOGT. 

ExAMiNSRs.  PROFESSOR  HUXLEY,  LL.D.,  F.R.S.,  and 
PROFESSOR  M.  FOSTER,  M.D.,  Sxc.  R.S. 


General  Instructions. 
If  the  rnlM  are  not  attended  to,  the  paper  will  be  cancelled. 

You  may  take  the  Elementary,  or  the  Advanced,  or  the  Honours 
paper,  but  you  must  confine  yourself  to  one  of  them. 

Put  the  number  of  the  question  before  your  answer. 

The  value  attached  to  each  question  in  the  Elementary  and  Ad- 
vanced papers  is  shown  in  brackets  after  the  ouestion,  but  a  full  vad 
correct  answer  to  an  easy  question  will  in  all  cases  secure  a  laiger 
number  of  marks  than  an  incomplete  or  inexact  answer  to  a  more 
difficult  one. 

Your  name  is  not  given  to  the  Examiners,  and  you  are  forbidden  to 
write  to  them  about  your  answers. 

You  are  to  confine  your  answers  strictly  to  the  questions  proposed. 

The  examination  in  this  tubject  lasts  for  three  hours. 


First  Stage  or  Elementary  Szandnatlon. 

Instructions. 
You  are  permitted  to  attempt  only  eight  questions. 


1.  What  structures  form  the  roof,  the  front  wall,  and  the  back  wall 
of  the  cavity  of  the  abdomen  P  Mention  the  most  important 
organs  which  lie  in  the  cavity  of  the  abdomen,  and  desoribs  as 
accurately  as  you  can  the  general  form  and  position  of  each  of  these 
important  organs.  (16.) 

2.  State  the  exact  place  in  the  aorta  and  in  the  pulmonary  artery  where 
valves  are  found.  Describe  the  form  of  tnese  valves,  and  their 
nature  (as  far  as  can  be  ascertained  without  a  microscope).  Explain 
exactiy  what  happens  to  them  during  and  after  a  contraction  <»1he 
ventricles.  (16.) 

3.  How  does  the  blood  in  the  pulmonary  veins  differ  from  the  blood  in 
the  pidmonaiy  artery?  How  is  that  difPerence  brought  about P 
Under  certain  circumstances  the  blood  in  these  vessels  may  be 
almost  exactly  alike  :  What  are  these  dicumstances  ?  (16.) 
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4.  Give  an  account  of  any  one  of  the  ribs,  say  the  fifth  or  sixth, 
describing  its  form,  and  stating  how  it  is  connected  to  other  parts 
of  the  body.  In  what  ways  can  it  be  moved  by  muscles,  and  what 
mnsdes  can  move  it  P  (16.) 

5.  What  is  meant  by  a  food-stuff  P  What  are  the  three  chief  dasses 
of  food-stuffs,  and  how  do  they  differ  from  each  other?  Give 
examples.  (9.) 

6.  How  are  spinal  nerves  joined  on  to  the  spinal  cord  ?  What  is  the 
evidence  tnat  the  two  roots  have  different  uses  P  (9.) 

7.  What  is  the  portal  vein  ?  Where  does  it  begin  ?  Where  does  it 
end  P  Is  the  blood  flowing  in  the  portal  vein  always  of  the  same 
quality,  or  does  it  vary  P    If  so,  when  and  how  P  (9.) 

8.  What  is  cartilage,  and  how  does  it  differ  from  bone  ?  State,  as 
fully  as  you  can,  all  the  places  in  a  grown-up  body  in  which  cartikge 
is  found.  (9.) 

9.  What  does  a  nerve  look  like  when  seen  with  the  naked  eye?  What 
is  shown  by  the  microscope  to  be  its  structure  ?  What  is  going  on 
in  the  nerves  of  the  arm  when  we  move  the  arm  P  (9.) 

10.  What  is  meant  by  the  clotting  of  blood,  and  what  changes  take 
^  place  in  blood  when  it  clots?    What  other  fluids  in  the  body, 

Desides  blood,  clot  like  blood  ?  (9.) 

11.  With  what  part  of  the  nose  do  we  smell?  What  is  the  nerve  by 
which  we  smell  P  From  what  part  of  the  brain  does  it  start,  and 
how  does  it  reach  the  nose  P  Why  does  closing  the  nostrils  do 
away  with  certain  so-called  tastes  P  (9.) 

12.  What  is  perspiration,  and  how  is  it  produced  P  What  is  meant  by 
"  sensible  "  and  "  insensible  '*  perspiration  ?  (9.) 


Second  Stage  or  Advanced  Examination* 

Instructions. 

Read  the  General  Instructions  at  the  head  of  the  Elementary  paper. 
You  are  permitted  to  attempt  onljfive  questions. 


21.  Give  an  account  of  the  position,  attachments,  and  structure  of  the 

diaphragm.  State  the  origin,  course,  manner  of  ending,  and 
function  of  the  nerves  which  are  distributed  to  it.  Describe  the 
movements  of  the  diaphragm,  and  explain  exactly  how  these  move- 
-  ments  lead  to  the  entrance  of  air  into,  and  exit  from,  the  chest. 
What  is  hiccough?  In  what  acts,  other  than  respiration,  does  the 
diaphragm  take  part  ?  (26.) 

22.  What  do  you  understand  by  arterial  blood  pressure  P  Explain  the 
part  which  arterial  blood  pressure  plays  in  the  circulation  of  the 
olood,  pointing  out  tiie  causes  which  lead  to  the  establishment  of  a 
mean  arterifd  blood  pressure,  or  to  a  rise  or  to  a  fall  of  pressure  P 
What  are  the  chief  results  of  a  rise  or  fall  of  pressure  ?  About  how 
much  is  the  mean  arterial  pressure  in  a  large  artery  in  a  large 
animal,  for  instance,  the  carotid  of  a  dog  P  (26.) 
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23.  Describe  the  structure  of  a  salivary  f^Iaud,  and  tlie  nature  and 
properties  of  saliva.  Trace  out  the  chain  of  events  by  which  a  flow 
of  saliva  follows  upon  food  being  placed  in  the  mouth,  including  an 
account  of  the  changes  taking  place  in  the  gland  Itself.         (16.) 

24.  Describe  the  structure  of  a  red  corpuscle,  and  j^ve  an  account  of 
the  properties  of  Hssmoglobin,  and  of  the  uses  of  the  red  corpusdea 
in  the  body.  (16.) 

25.  Describe  the  course  of  a  spinal  nerve  within  the  spinal  canal,  and 
its  manner  of  attachment  to  the  spinal  cord,  as  far  as  can  be  made 
out  with  the  naked  eve,  or  with  a  simple  lens.  Add  what  further 
fiacts  can  be  learnt  dt  the  help  of  the  microscope.  Describe  the 
structure,  and  state  wpat  is  known  concerning  the  functions  of  the 
ganglion  on  the  posterior  root.  (16.) 

26.  Give  an  account  of  the  structure  of  the  liver,  dwelling  especially  on 
the  minute  structure  of  a  lobule.  What  is  glycogen?  How  does 
it  differ  from  sugar  (grape  sugar,  glucose,  dextrose;  ?  What  is  the 
evidence  that  the  liver  forms  glycogen  ?  (16.) 

27.  State  the  nature  of  perspiration,  distinguishing  between  sensible 
and  insensible  perspiration.  Describe  the  structure  of  the  organs 
which  secrete  perspiration,  and  explain  why  profuse  perspiratioiL 
takes  place  (1)  when  the  body  is  exposed  to  warmth;  (2)  as  the 
result  of  strong  emotions ;  (3)  as  the  result  of  dyspnoea.        (16.) 

28.  Give  an  account  of  the  structure  of  the  retina,  including  the 
"  pigment  *'  or  "  retinal "  epithelium.  How  does  the  macula  lutea 
differ  from  the  rest  of  the  retina,  and  how  do  we  know  that  the 
processes  of  vision  begin  in  the  region  of  the  rods  and  cones  P 


Sononrs  Szamination* 

Inhtructions. 

Read  the  General  InstructionB  at  the  head  of  the  Elementary  paper. 
You  are  permitted  to  attempt  only /our  questions. 
The  value  attached  to  each  question  is  the  same. 


41.  Describe  the  structure,  and  give  aaeneral  account  of  the  distribution 
of  non-medullated  nerve-fibres ;  discuss  the  function  of  these  fibres, 
and  their  relations  to  the  central  nervous  system. 

42.  Give  an  account  of  the  chemical  nature  and  physiological  properties 
of  the  products  of  the  gastric  and  pancreatic  digestion  of  proteidsy 
with  special  reference  to  the  light  thus  thrown  on  the  nature  of 
proteids. 

43.  State  and  criticise  the  more  promment  theories  concerning  colour 
vision. 

44.  Describe  the  changes,  known  as  those  of  "  degeneration/'  which 
follow  upon  xmuries  to  nerve  fibres.  State  and  discuss  the  con* 
elusions  which  have  been  drawn  from  the  appearance  of  "  d^enerat- 
ing  "  fibres,  after  ixguiies  to  parts  of  the  central  nervous  system^  or 
to  nerves. 


Digitized  by  VjOOQIC 


XV.— BOTANY.  93 

45.  State  what  is  known  concerning  tlie  nature  of  the  act  of  aecretioa 
of  orine  by  the  kidneys,  explaining,  as  far  as  you  are  able,  the 
several  ways  in  which  varioas  influences  may  increase  or  decrease 
the  flow  of  urine. 

46.  Discuss  the  seat,  and  mode  of  origin,  of  the  nervous  impulses  of 
respiration,  dwelling  especially  on  the  nature  of  the  nervous 
mechanism  by  which  respiration  is  variously  modified. 


Practical  Examination* 


State  the  important  histological  features  of  any  two  of  the  prepara- 
tions il,jB,  C. 

State  the  nature  of  any  two  of  the  tissues  a,  b,  c.  Give  your  reasons, 
and  leave  for  the  inspection  of  the  Examiners  the  preparations  on 
which  your  conclusions  are  based. 

Two  substances  of  physiological  importance  are  present  in  the 
fluid  /.,  and  one  in  the  fluid  IT.    What  are  they  P 

Demonstrate  experimentally  the  nature  of  tetanus. 


SUBJECT  XV.     BOTANY. 

Examiners,  S.  H.  VINES,  Esa.^  M.A.,  D.Sc,  F.R.S.,  and 
D.  H.  SCOTT,  Esq.,  M.A.,  Ph.D. 


General  Instructions. 

If  the  rules  are  not  attended  to,  the  paper  will  be  cancelled. 

You  may  take  the  Elementary,  or  the  Advanced,  or  the  Honours 
paper,  in  accordance  with  the  application  which  has  been  made,  but  you 
must  confine  yourself  to  one  of  them. 

Put  the  number  of  the  question  before  yoor  answer. 

You  are  to  confine  your  answers  strictly  to  the  questions  proposed. 

The  value  attached  to  each  question  in  the  Elementary  and  Ad- 
vanced stages  is  shown  in  bracKets  after  the  question.  But  a  fall 
and  correct  answer  to  an  easy  question  will  in  all  cases  secure  a  larger 
number  of  marks  than  an  incomplete  or  inexact  answer  to  a  more 
difficult  one. 

Your  name  is  not  given  to  the  Examiners,  and  you  are  forbidden  to 
write  to  them  about  your  answers. 

The  examinafum  m  this  subject  lasts  for  three  hours. 
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nnt  stage  or  SUmentary  Szaminatlon. 

Instructions. 

You  are  permitted  to  attempt  only  six  questions. 
You  must  attempt  the  first  question  on  the  paper.    The  remaining 
five  you  may  select  from  any  part  of  the  paper. 


1.  Refer  the  plant  placed  bdbre  you  to  its  natural  order,  saving  your 
reasons  for  dom^  so,  and  describe  it  fully,  taking  its  organs 
(when  present)  in  the  following  order : — 

Stem.  Flower.  Pistil. 

IiMves.  Calyx.  Fruit. 

Inflorescence.  Corolla.  Seed.) 

Bracts.  Stamens.  (25.) 

2.  Describe  the  peculiarities  of  form  and  structure  which  are  charac- 
teristic of  the  root.  (15.) 

3.  Describe  the  structure  of  a  grain  of  wheat,  and  the  mode  of  its 
germination.  (15.) 

4.  State  what  are  tlie  functions  of  a  foliage-leaf,  and  explain  how  the 
structure  of  tiie  leaf  Ib  adapted  to  the  performance  of  these  func- 
tions. (15.) 

5.  State  what  is  the  essential  difference  between  definite  and  inde/imU 
inflorescences,  describing,  with  examples,  the  principal  varieties  of 
each.  (15.) 

6.  Describe  the  process  by  which,  after  the  poUen-grains  hare  reached 
the  stigma,  the  ferdlization  of  the  ovides  is  effected.  (15.) 

7.  Explain  the  effect  of  (a)  cokesim,  (b)  adhesion,  and  (c)  st^ipresskm, 
in  modifying  the  structure  of  the  flower,  illustrating  your  answer 
by  reference  to  the  Legununos«,  Compositae,  and  Labiate.    (15.) 

8.  Describe  the  structure  of  a  leaf-bud,  such  as  may  be  found  on  a 
tree  in  winter.    Mention  instances  of  underground  buds.      (15.) 

9.  Grive  an  account  of  the  Respiration  of  plants,  and  describe  an 
experiment  demonstrating  it.  (15.) 

10.  Explain  the  structure,  as  seen  in  transverse  section,  of  a  twig  of  any 
Dicotyledonous  tree.  (15.) 

11.  Describe  the  following  forms  of  fruit :  legume,  siliqua,  drupe,  and 
berry,  giving  examples  of  each.  (1 5.) 
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Second  Stage  or  Advanced  Ezaminatlan. 

Instructions. 

Read  the  General  Instnictions  at  the  head  of  the  Elementafj  paper. 

You  are  permitted  to  attempt  only  six  questions. 

You  must  attempt  the  first  question  on  the  paper,  the  remaining 
five  you  may  select  from  any  part  of  the  paper. 


21.  Refer  the  plant  placed  before  you  to  its  natural  order/  giving  your 
reasons  for  domg  so,  and  describe  it  fully,  taking  its  organs 
(when  present)  in  the  following  order : — 

Stem.  Flower.  Pistil. 

Lmycs.  Calyx.  Fruit. 

Inflorescence.  Corolla.  Seed. 

Bracts.  Stamens.  (25.) 

22.  Describe  fuHy  the  structure  of  the  female  inflorescence  and  flower 
of  either  the  oak  or  the  beech.  (15.) 

23.  Describe  and  explain  the  formation  of  starch  in  the  cells  of  organs 
which  are  not  exposed  to  light.  (15.) 

24.  Describe  generally  the  structure  of  bast-tissue,  and  state  what  are 
the  functions  of  tne  various  constituents  of  this  tissue.  (15.) 

25.  Describe  the  origin  and  development  of  a  foliage-leaf.  (15.) 

26.  Explain  the  mode  of  lateral  branching  of  the  root.  What  is  the 
characteristic  dilEerence  between  Vascular  Cryptogams  and  Phanero- 
gamSy  as  regards  the  latexal  branching  of  the  root  P  (15.) 

27.  Describe  fully  the  structure  of  the  ovule  in  Pinus  at  the  time  of 
fertilization.  (15.) 

28.  Give  a  comparative  account  of  the  structure  of  the  fruit  in  the 
British  genera  of  Rosacese.  (15.) 

29.  Describe  the  development  of  periderm  in  the  stem.  In  what 
respects  do  cork-cells  differ  from  ordinary  parenchymatous  cells  ? 

(15.) 

30.  Give  an  account  of  the  influence  of  Light  and  Gravity  upon  the 
direction  of  growth  of  stems  and  roots.  (15.) 


Somoiira  Szainination* 

Instructions. 

Read  the  General  Instructions  at  the  head  of  the  Elementaiy  paper. 
You  are  permitted  to  attempt  only  five  questions. 
You  must  attempt  the  first  question  on  the  paper,  the  remaining/otir 
you  may  select  from  any  part  of  the  paper. 
The  value  attached  to  each  question  is  the  same. 
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41.  Refer  the  pUnt  placed  before  you  to  its  natural  order,  giving 
your  reasons  for  doing  so,  and  describe  it  fully,  taking  its  <»gans 
(when  present)  in  the  following  order : — 

Stem.  Flower.  Pistil. 

Leaves.  Calyx.  Fruit. 

Inflorescence.  CoroUa.  Seed. 

Bracts.  Stamens. 

42.  State  the  nature  of  the  evidence  on  which  stamens  are  considered 
to  be  homologous  with  foliage-leaves.  Give  instances  of  flowers  in 
which  the  pollen-sacs  are  borne,  not  upon  leaves,  but  upon  ihe  axis 
of  the  flower. 

43.  Describe  and  explain  the  experiments  by  which  Knight  investigated 
Greotropism. 

44.  Give  a  full  account  of  the  development  of  the  embryo-Fern. 
Explain  the  function  of  the  *'  foot." 

45.  Give  an  account  of  the  chief  histological  peculiarities  of  the  leaves 
of  the  Coniferse. 

46.  Give  an  account  of  the  development  of  the  ovule  and  of  the  embiyo- 
sac  in  any  Angiospenn.  Explain  the  grounds  on  which  the  ovnle 
is  regarded  as  a  macrosporangium. 

47.  Give  an  account  of  the  phenomena  of  apospory  and  apogamy,  as 
observed  in  Ferns. 

48.  Give  an  account  of  the  origin  and  characteristics  of  Alpine  Floras. 


Practical  Esaminatloii. 


I. 

1.  Make  preparations  to  show  any  two  stages  in  the  development  of 
the  embryo  in  specimen  1. 

2.  Make  a  preparation  to  show  the  histological  changes  preceding  the 
fall  qf  the  ttaf^  in  specimen  2. 

3.  Make  a  preparation  to  show  a  water-gland  in  longitudinal  section, 
in  specunen  3. 

Each  preparation  must  be  mounted  in  glycerine,  glycerine  jelly, 
or  Canada  balsam ;  it  must  be  properly  labelled,  and  accompanied 
by  a  description  and  dramng. 

II. 

1.  Identify  and  shortly  describe  the  four  museum  specimens  marked 
A— D. 

2.  Identifv  and  shortly  describe  the  four  microscopical  specimens 
marked  1-^.    lliese  preparations  must  not  be  shifted. 
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SUBJECTS  ZVI.  AND  ZVII.    GENERAL  BIOLOOT. 

Examiners,  PROFESSOR  HUXLEY,  LL.D.,  F.R.S.,  and 
PROFESSOR  MICHAEL  FOSTER,  M.D.,  Sec.  R.S. 


General  Instructions. 
If  the  niles  are  not  attended  to,  the  paper  will  be  cancelled. 

Yoa  ai«  permitted  to  answer  quefltions  from  the  Elementarj  paper ; 

Or  from  the  Advanced  paper  in  Animal  Morphology  and  Phy- 
siology ; 

Or  from  the  Advanced  paper  in  Vegetable  Morphology  and  Phy- 
siology; 

Or  from  the  Honours  paper  in  Animal  Morphology  and  Physiology ; 

Or  from  the  Honours  paper  in  Vegetable  Morphology  and  Physiology ; 

But  you  must  confine  yourself  to  one  of  them. 

Where  the  values  differ,  that  attached  to  each  question  is  shown  in 
brackets  after  the  question.  But  a  full  and  correct  answer  to  an  easy 
question  will,  in  all  cases,  secure  a  larger  number  of  marks  than  an 
incomplete  or  inexact  answer  to  a  more  £fficult  one. 

Put  the  number  of  the  question  before  your  answer. 
You  are  to  confine  your  answers  strictly  to  the  questions  proposed. 
-  Your  name  is  not  given  to  the  Examiners,  and  you  are  forbidden  to 
write  to  them  about  your  answers. 

The  examnation  in  these  subjects  lasts  for  three  hours. 


First  Stage  or  Elementary  Esamination. 

Instructions. 
You  aire  permitted  to  attempt  only  eight  questions. 


1.  Describe  the  structure  of  a  leaf,  pointing  out  the  uses  of  several 
parts.  If  in  early  summer  you  were  to  strip  off  all  the  leaves  firom 
a  gooseberry  bush  or  apple  tree,  what  would  happen,  and  why  P 

(16.) 

2.  Describe  the  appearances  presented  by  an  Amcoba»  and  explain  as 
exactly  as  you  can  how  it  moves  and  how  it  eats.  How  does  a 
Hydra  differ  from  an  Amoeba  P  (16.) 

3.  ^hat  is  the  structure  of  a  root  of  a  plant  P  How  does  a  root  differ 
from  a  stem  P  What  goes  on  in  a  root  when  a  plant  is  living  and 
growing,  and  how  iethe  structure  of  the  root  adapted  for  the 
purpose  P  (16.) 
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4.  Deficribe  the  appearance  and  propertieB  of  the  blood  of  a  cnyfiah 
or  lobster,  ana  compare  it  with  the  blood  of  a  frog.  Describe  alao 
the  manner  in  which  the  blood  circulates  in  a  crayfish  or  lobster, 
and  compare  the  circulation  in  a  crayfish  (»  lobster  with  the  dr- 
colation  m  a  frog.  (16.) 

5.  A  piece  of  bread  put  into  a  cupboard  apparently  empty  becomes  in 
a  few  days  covered  with  mould:  What  is  the  nature  of  that 
mould  ?  Why  did  it  come  on  the  bread,  though  previously  there 
was  apparently  no  mould  in  the  cupboard  ?  (9.) 

6.  Explain  exactly  how  a  mussel  breathes.  What  would  happen  if 
you  kept  a  mussel  in  water  which  had  been  thoroughly  boiled 
(but  allowed  to  cool),  and  why  P  (9.) 

7.  What  is  the  general  structure  of  a  fruit,  giving  some  instances? 
Explain  what  part  of  the  flower  grows  into  the  fruit,  and  how  the 
growth  takes  place.  '  (9.) 

8.  A  pond  or  an  aquarium  in  which  in  winter  not  a  single  Hydra  (fresh 
water  polype)  could  be  seen,  may  in  spring  appear  crowded  with 
them.     Explain  how  this  is  brought  about.  (9.) 

9.  The  rhizome  of  a  fern  may  grow  longer  and  so  may  the  branch  of  a 
tree.  Is  there  a  difference  in  the  way  these  two  things  grow 
longer^  if  so,  what  is  that  difference  ?  (9.) 

10.  Where  in  the  body  of  a  frog  is  the  central  nervous  system  placed? 

How  is  it  protected?     What  is  its  general  appearance  as  seen 
during  a  dissection  P    What  are  its  most  important  parts  P      (9.) 

11.  What  is  meant  by  the  "germination"  of  a  seed?  Describe  tiie 
state  of  things  in  some  seed  before  germination,  and  the  changes 
taking  place  during  germination.  (9.) 

12.  What  is  the  p^eneral  structure  of  the  eye  of  a  crayfish  or  lobster? 
What  conclusions  can  vou  draw  from  the  structure  of  the  eye  as  to 
the  kind  of  sight  which  a  crayfish  possesses  P 


SUBJECT  XVI.    ANIMAL  MOBPHOLOOT  AND 
PHYSIOLOGY. 


Second  Stage  or  Advanced  Examination. 

Instructions. 
Read  the  General  Instructions  at  the  head  of  the  Elementary  paper. 
Vou  are  permitted  to  attempt  only  Jive  questions. 


21.  Describe  and  compare  in  the  cod,  the  frog,  a  bird,  and  a  mammal, 
the  heart  and  the  manner  in  which  the  dorsal  aorta  is  connected 
with  it. 

22.  Trace  the  development  of  the  central  nervous  system  of  the  chick 
until  the  end  of  the  third  day  of  incubation.  State  what  you 
know  about  the  development  of  the  spinal  nerves. 
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23.  Give  a  short  account  of  the  anatomy  of  the  whelk.  Compare  its 
nerrons  system,  renal  organs,  and  heart  with  those  of  Aiwdon, 

24.  State  the  most  important  characters  of  the  group  Insecta.  De- 
scribe and  compare  the  mouth-parts  and  life-history  of  a  black- 
beetle  (oockroacn)  and  a  butterfly. 

25.  Describe  the  skeleton  of  the  pectoral  fins  of  the  dog-fish,  and  of 
the  fore-limbs  of  the  porpoise. 

26.  Describe  the  organisation  of  any  Radiolarian.  State  what  you 
know  concerning  the  functions  of  the  various  parts,  and  give  a 
short  account  of  the  classification  of  the  group. 

27.  Give  an  account  of  the  anatomy  of  the  fluke,  and  trace  briefly  the 
history  of  its  development. 

28.  Describe  the  structure  of  a  sponge.  Explain  the  functions  of  the 
various  parts  mentioned. 


Sonoors  XSzamination* 

Instructions. 


Read  the  General  Instructions  at  the  head  of  the  Elementary  paper. 
Yon  are  permitted  to  attempt  only /our  questions. 
The  value  attached  to  each  question  is  the  same. 


41.  Describe  the  structure  of  an  Actinozoon  polyp.  Give  a  short 
account  of  the  skeletal  structure  of  the  Actinozoa,  Give  an 
account  of  the  various  theories  which  have  been  put  forth  reap  ect- 
ing  the  origin  of  coral  reefs. 

42.  Give  a  concise  account  of  the  anatomy  of  Amphioxus,  Point  out 
fully  the  important  points  of  difference  between  it  and  the  higher 
vertelnata,  and  of  resemblance  between  it  and  some  invertebrata. 

43.  Describe  the  water-vascular  system  of  a  typical  Echinoderm.  Point 
out  the  principal  modifications  presented  by  this  system  in  other 
Echinoderm  groups.  State  what  you  know  of  its  development  in 
any  particular  case. 

44.  Describe  and  compare  the  cleavage  of  the  egg,  and  the  fonnation  of 
the  embryonic  layers  in  a  frog,  a  bird,  and  a  mammal. 

45.  Give  a  short  account  of  the  structure  and  life-history  of  a  barnacle. 

Describe  the  structure  of  a  typical  Nauplius  and  Zocaa  larva,  and 
state  the  groups  of  Crustacea  in  which  they  are  found. 

46.  What  is  the  systematic  position  of  the  following  genera : — Phyllo- 
soma,  Echinoderes,  Trochosphara^  Clio,  Pauropu$,  Hectocotylus, 
Pvrosoma,  Phoronis,  Loxosoma  f  Give  your  reasons  for  the  place 
wnich  you  assign  to  each. 
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SUBJECT   ZVII.      VEaETABLE    MOBPHOLOaT 
AND  PHYSIOLOGY. 

ExAMiNXRB,  S.  H.  VINES,  Esq.,  M.A.,  D.Sc,  F.R.S., 
AND  D.  H.  SCOTT,  Esq.,  M.A.,  Ph.D. 


Second  Stage  or  Advanced  Szamination. 

Instructions. 
Read  the  Genend  Instraetions  at  the  head  of  the  Elementaiy  paper. 
You  are  permitted  to  attempt  onljjioe  questions. 
The  value  attached  to  each  question  is  the  same. 


51.  State  what  is  the  chemical  nature  of  the  alcoholic  fermentatkni 
excited  hy  the  Yeast-plant  (Torula),  and  explain  the  physiologioil 
importance  of  this  process  to  the  Yeast. 

52.  Give  an  account  of  the  process  of  conjugation,  as  it  occurs  in 
Spirogyra,  Closterium,  and  Mucor. 

53.  Give  a  comparative  account  of  the  structure  and  arrangement  of 
the  vascular  bundles  in  Selaginella,  Lyoopodium,  and  Equiaetum. 

54.  Indicate,  hy  reference  to  Marchantia  and  to  Polytrichum,  what  are 
the  most  important  differences  between  Liverworts  and  Mosses. 

55.  Give  an  account  of  the  adaptations  for  ensuring  cross-fiertillzation 
which  are  presented  by  the  flower  of  Lythrum. 

56.  Give  an  account  of  tlie. process  of  sexual  reproduction  in  Poly- 
siphonia^  or  any  other  member  of  the  Floridese. 

57.  Give  an  account  of  the  structure  of  the  fructification  of  Agaricns, 
including  the  development  of  the  spores. 

58.  Compare  the  life-history  of  Pinus  with  that  of  Pilularia,  pointing 
out  the  homologies  of  the  various  reproductive  organs  of  the  two 
plants. 


Sonoura  Szamination* 

Instructfions. 
Read  the  General  Instructions  at  the  head  of  the  Elementary  paper. 
You  are  permitted  to  attempt  only  four  questions. 
The  value  attached  to  each  question  is  the  same. 


61.  Describe  and  mlly  explain  the  daily  period  of  growth  as  graphi- 
cally expressed  by  a  curve. 

62.  Compare  the  processes  of  germination  of  the  macrospore  in  Pinus 
and  in  Ranunculus,  and  fully  explain  what  is  the  important 
difference  between  the  two  cases. 
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€3.  Give  an  aoooant  of  the  pfesent  state  of  knowledge  as  to  the  mode 
of  growth  in  thickness  of  the  cell- wall. 

64.  Describe  the  structure  of  the  fully-developed  sporogonium  of  any 
Moss»  and  explain  in  detail  how.  the  nutrition  of  the  sporogonium 
is  carried  on. 

65.  Give  an  account  of  the  development  of  the  embiyo  in  Selaginella, 
pointing  out  the  features  in  which  it  resembles  that  of  other 
Vascular  Cryptogams  on  the  one  hand  and  that  of  the  Phane- 
rogams on  the  other. 

66.  Enumerate  the  groups  of  plants  in  which  ciliated  antheroioids 
(spermatozoids)  are  aeveloped.  Give  an  explanation  of  the  absence 
of  ciliated  antherozoids  in  Phanerogams. 


SUBJECT  ZVIII.    PBINCIPLES  OF  MINING. 

Examiner,  H.  BAUERMAN,  Esq.,  F.G.S. 


General  Instructions. 
If  the  rnles  are  not  attended  to,  the  paperwill  be  cancelled. 

You  may  take  the  Elementary,  or  the  Advanced,  or  the  Honours 
paper,  but  you  must  confine  yourself  to  one  of  them. 

Put  the  number  of  the  question  before  jour  answer. 

You  are  to  confine  your  answers  strictly  to  the  questions  proposed. 

Your  name  is  not  given  to  the  Examiner,  and  you  are  forbidden  to 
write  to  him  about  your  answers. 

The  wammatUm  in  this  subject  lasts  for  three  hours. 


First  Stage  or  Slementary  Bxamiiiation. 

Instructions. 

You  are  only  permitted  to  attempt  seven  questions. 
You  may  select  these  from  any  part  of  the  paper. 
The  value  attached  to  each  question  is  the  same. 


1.  What  is  a  lode  or  mineral  vein  ? 

2.  What  minerals  are  usually  found  in  stratified  deposits  ? 

3.  Define  the  terms,  fault,  throw,  hitch  and  heave,  as  used  by  miners. 

4.  Describe  two  kinds  of  picks  used  in  coal  and  metal  mining,  giving 
figures  and  dimensions. 

5.  How  is  timber  used  for  securing  levels  or  drifts  underground? 
Give  examples  of  two  methods. 
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6.  Describe  the  opentions  of  sinking  a  abaft  and  securing  it  witb 
brickwork. 

7.  Wbat  is  the  pillar  and  stall  system  of  coal  working  P 

8.  How  are  gunpowder  and  dynamite  used  in  mining? 

9.  What  kinds  of  ropes  are  used  for  drawing  in  mines? 

10.  Describe  a  furnace  used  for  ventilation  underground. 

11.  What  is  hematite,  and  where  is  it  principally  found? 

12.  What  minerals  are  contained  in  tin  stuff,  and  how  is  black  tin  pro- 
duced from  it  ? 


Second  Stage  or  Advaaced  Examination. 

Instructions. 

Read  the  General  Instructions  at  the  head  of  the  Elementary  paper. 
You  are  only  permitted  to  attempt  seven  questions. 
You  may  select  these  from  any  part  of  the  paper. 
The  value  attached  to  each  question  is  the  same. 


21.  What  are  true  veina^  segregated  veins^  and  contact  deposits?    Give 
an  example  of  each. 

22.  What  kinds  of  coal  are  found  in  the  Carboniferous  strata  of  Great 
Britain,  and  how  do  they  differ  Arom  each  other? 

23.  What  is  a  gozsan,  and  what  kinds  of  minerals  are  usually  found  in 
it  ?    Give  examples  from  silver,  copper,  and  lead-ore  lodes. 

24.  When  a  lode  is  heaved  by  a  cross  course,  in  what  direction  would 
you  drive  to  recover  it  P 

25.  How  is  a  coal  field,  containing  a  large  number  of  seams  with  a  high 
dip,  laid  out  for  working  P 

26.  What  are  the  relative  merits  of  vertical  and  indined  shafts  for  work- 
ing mineral  veins  ? 

27.  Describe  a  boring-machine  and  appliances  suitable  for  driving  or 
sinking  in  hard  ground. 

28.  Describe  the  method  cf  endless  rope-hauling  in  two  modifications. 

29.  Describe  two  methods  of  long-wall  working  suited  for  fiat  and  in- 
clined seams  respectively. 

30.  Describe  the  Mueseler  safety -lamp,  both  in  the  plain  and  shielded 
forms. 

31.  Describe  tbe  anemometer  and  water-gauge,  and  show  how  they  are 
applied  to  determine  the  efficiency  of  ventilation. 

32.  Describe  some  machines  for  saving  ores  from  fine  slimes^  worloDg 
oontmuously. 
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HoBcmrs  Examination. 

Instructions. 

Read  the  General  Instructions  at  the  head  of  the  Elementary  paper. 
Yon  are  only  permitted  to  attempt  six  questions. 
You  may  select  these  from  any  part  of  the  paper. 
The  value  attached  to  each  question  is  the  same. 


41.  Give  an  account  of  the  Northumberland  and  Durham  coal-fields, 
including  the  lower  Carboniferous  districts. 

42.  What  are  the  most  important  copper-producing  districts  at  the 
present  time  ?    Describe  one  or  two  of  them  in  some  detail. 

43.  What  methods  have  been  proposed  for  driving,  sinking,  and  getting 
minerals  in  mines  without  the  use  of  explosives  ? 

44.  What  is  the  effect  of  coal-dust  on  the  atmosphere  of  fiery  mines, 
and  what  special  precautions  are  required  in  working  such  mines? 

45.  Describe  and  illustrate  the  method  of  dividing  a  circular  shaft  into 
compartments  for  drawing,  pumping,  and  footways,  or  a  rectangular 
shaft  giving  similar  accommodation. 

46.  It  is  required  to  raise  250  gallons  of  water  per  minute  from  a  mine 
350  yards  deep.  Give  a  general  idea  of  the  plant  that  you  would 
prefer  for  the  work. 

47.  How  is  coal  cleaned  from  shales,  &c.,  before  coking? 

48.  Describe  the  principal  kinds  of  stamping-mills  used  for  crushing 
minerals. 


SUBJECT  XIX.    METALLUEaT. 

ExAMiNBB,  PROFESSOR  W.  CHANDLER  ROBERTS- 
AUSTEN,  F.R.S. 


Gbnkral  Instructions. 
If  the  mles  axe  not  attended  to,  the  paper  will  be  cancelled. 

You  may  take  the  Elementary,  or  the  Advanced,  or  the  Honours 
paper,  but  you  must  confine  yourself  to  one  of  them. 
Put  the  number  of  the  question  and  of  the  section  before  your  answer. 

You  are  to  confine  your  answers  strictly  to  the  questions  proposed ; 
answers  extending  beyond  the  scope  of  the  questions  are  disregarded 
by  the  Examiner. 

Your  name  is  not  given  to  the  Examiner,  and  you  are  forbidden  to 
write  to  him  about  your  answers. 

The  examnatim  in  this  subject  Vistsfor  three  hours. 
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First  Stage  or  Slementary  SxaminaUoa. 

Instructions. 

You  are  not  to  attempt  more  than  six  questions  in  thb  paper. 

The  value  attached  to  each  question  is  the  same. 

For  a  pass  in  the  Elementary  stage  the  student  will  only  be  expected 
to  answer  questions  in  two  of  the  following /oiir  sections.  At  least  two 
questions  must,  however,  be  taken  from  Section  I. 

For  a  First  Class  in  the  Elementary  stage  the  candidate  must 
answer  questions  in  at  least  three  sections.  At  least  two  questions  must 
be  taken  from  Section  I. 


Sbction  I. 

1 .  Distinguish  between  the  terms  "  kiln,"  "  blast  furnace,"  and  "  rever- 
beratory  furnace,"  and  state  what  are  their  respective  uses. 

2.  In  what  way  does  anthracite  differ  from  Newcastle  or  house  coal  ? 

3.  Describe  how  you  would  prepare  wood-charcoal  by  any  ordinary 
method. 

4.  Arrange  the  following  metals  in  the  order  in  which  they  melt :~ 
Copper,  lead,  iron,  tin,  gold,  zinc,  and  silver. 


SSCTION   II. 

5.  How  do  you  account  for  the  fact  that  iron  pyrites  is  not,  at  the  pre- 
sent time,  useful  as  an  iron  ore  ? 

6.  Describe  accurately  how  you  would  weld  two  pieces  of  wrought- 
iron,  and  state  how  you  would  harden  a  strip  of  steel.  Give  the 
reasons  for  the  course  you  adopt  in  each  case. 

7.  How  would  vou  smelt  an  iron  ore  in  order  to  produce  "  pig  iron"  ? 
Give  a  sketcn  of  the  furnace  you  would  use. 

8.  Describe  one  method  of  converting  "  pig  iron  "  into  steel. 


Section  III. 

9.  What  is  the  action,  at  a  bright  red  heat,  of  air  on  silver  sulphide. 

10.  A  silver  ore  has  been  roasted  with  salt,  and  the  silver  in  the  roasted 
material  is  present  as  chloride.  How  would  you  extract  the  chloride 
and  precipitate  the  silver  in  the  metallic  state  P 

11.  How  would  yoii  extract  gold  from  the  amalgam  obtained  in  the 
treatment  of  gold  quartz  ? 

12.  What  is  the  action  of  chlorine  gas  on  molten  gold  containing 
silver  P 

Section  IV. 

Id.  Describe  the  process  of  refining  copper,  and  state  what  is  the  action 
of  cuprous  oxide  in  this  process. 
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14.  State  hour  you  would  smelt  tin  stone  (SnO^)  with  a  view  to  extract 
the  tin  it  contains. 

15.  What  is  "red  lead,*'  and  how  is  it  prepared? 

17'  State  which  is  the  chief  ore  of  mercury,  and  describe  how  mercurj 
is  extracted  from  it. 


Second  Stage  or  AdTaaeed  Examination. 

Ikstrugtioks. 

Read  the  General  Instructions  at  the  head  of  the  Elementary  paper. 

You  are  not  to  attempt  more  than  six  questions  in  this  paper. 

The  value  attached  to  each  question  is  the  same,  except  No.  24,  of 
which  the  value  is  twice  the  value  of  each  of  the  other  questions. 

For  a  pass  in  this  stage  the  student  will  only  be  expected  to  answer 
questions  ii^  /too  of  the  following /our  sections;  at  least  ftco  questions 
must,  however,  be  taken  from  Section  I. 

For  a  First  Class  in  this  stage  the  candidate  must  answer  questions 
in  at  least  three  sections ;  at  least  two  questions  must  be  taken  from 
Section  I. 


Section  L 

21.  How  would  you  test  a  clav  crucible  in  order  to  ascertain  whether  it 
was  suitable  for  ordinary  laboratory  use? 

22.  On  analysing  two  samples  of  clay  it  is  found  that  one  of  them 
contains  4  per  cent,  of  potash  ancf  soda,  while  these  substances  are 
absent  in  the  other.  How  would  these  clays  behave  at  high  tem- 
peratures P 

23.  State  the  conditions  under  which  you  would  onploy  (1)  basic  bricks 
and  (2)  acid  bricks  in  the  construction  or  lining  of  metallurgical 
furnaces. 

24.  Name  the  six  specimens  submitted  to  you. 


Section  IL 

25.  How  do  you  account  for  the  fact  that  pig  iron  produced  with  coke 
as  a  fuel  and  with  hot  blast  is  of  different  character  to  pig  iron 
produced  by  the  aid  of  charcoal  and  with  cold  blast  P 

26.  What  is  a  "  chill  casting,"  how  is  it  produced^  and  to  what  cause 
.    do  you  consider  the  change  in  the  character  of  the  metal  to  be 

dueP 

27.  What  is  the  composition  of  the  slag  produced  (1)  in  the  blast  ftir- 

nace  durinjr  the  smelting  of  iron  ores  and  (2)  during  the  smelting 
of  manganiferous  ores  for  the  production  of  Spiegeleisen  P 

28.  Give  a  sketch  in  vertical  section  of  the  ordinary  "pipe  stove  "  used 
for  heating  blast. 
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Section  IIL 

29.  Describe  the  pan  amalgamation  of  silver  ores^  and  give  a  sketch  of 
the  appliance  used.  ^ 

M).  How  is  silver  separated,  in  the  wet  way,  from  a  solution  which 
mainly  consists  of  chloride  of  copper  P 

31 .  Gold  containing  small  quantities  of  lead,  antimony,  and  tin  is  too 
brittle  to  roll ;  state  how  you  would  remove  these  unpurities. 

32.  Under  what  circumstances  would  you  extract  gold  firom  an  ore  by 
the  aid  of  (1)  lead  and  (2)  mercury  P 


Section  IV. 

33.  If  a  small  quantity  of  arsenic  is  present  in  metallic  copper,  how  will 
the  physiciu  properties  of  the  copper  be  afPected  P 

34.  What  happens  when  a  mixture  of  the  sulphides  of  iron,  of  coppor, 
and  of  silver  is  submitted  to  a  gradual  increase  of  temperature  in 
the  oxidizing  atmosphere  of  a  reverberatory  furnace  P 

35.  How  does  the  Welsh  method  of  treating  copper  ores  in  reverberatoiy 
furnaces  difPer  in  principle  from  the  blast  lumace  method  P 

36.  Show  by  tbe  aid  of  a  sketch  in  sectional  elevation  the  arrangement 
of  a  furnace  with  a  water-jacket,  as  used  in  the  smelting  of  lead 
ores. 


Honours  Sjuunination. 

Instructions. 

Read  the  General  Instructions  at  the  head  of  the  Elementary  paper. 

Tou  are  not  to  attempt  more  than  eiffht  questions,  and  in  these 
No.  51  must  be  included. 

The  value  attached  to  each  question  is  the  same. 


40.  Show  by  sketches  in  plan  and  vertical  section  either  Hoffmann's 
circular  kiln,  as  used  for  burning  fire-bricks,  or  Lttrmann's  kiln, 
used  for  the  continuous  coking  of  coal. 

41 .  How  do  you  account  for  the  passage  of  silicon  into  pig  iron  in  the 
blast  famace  treatment  of  iron  ores  P  How  would  you  proceed  in 
order  to  obtain  a  pig  iron  rich  in  silicon  P 

42.  Show  by  the  aid  of  a  sketch  the  arrangement  of  the  Oapp- 
Griffith  modification  of  the  Bessemer  convertor.  State  wnat 
advantages  are  claimed  for  the  process,  and  describe  the  character 
of  the  metal  produced. 

43.  In  the  desilverization  of  lead  by  zinc  some  of  the  line  remains 

dissolved  in  the  lead.     How  does  this    influence  the  quality  of 
the  lead,  and  how  may  the  sine  be  eliminated  from  the  lead  P 

44.  An  ore  contains  both  the  sulphide  and  the  tulph-anenide  of  ffilyer. 
How  would  you  treat  it  P 
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45.  What  are  the  relative  advantages  and  disadvantages  of  Cornish  rolls 
and  of  stamps  in  the  crushing  of  auriferous  quartz  ? 

46.  How  would  you  separate,  by  a  ''wet"  method,  the ' iron, copper, 

nickel,  and  cobalt  present  in  a  speise  P 

47.  Metallic  bismuth  is- found  to  contain  gold  ;  how  would  you  extract 
the  latter  metal  P 

48.  In  refining  copper,  lead  is  sometimes  added  to  the  molten  bath ; 
why  is  this  done,  and  under  what  circumstances  should  it  not  be 
added P 

49.  Two  slags  have  to  be  treated,  one  containing  lead  and  the  other 
copper ;  what  methods  would  you  employ  in  order  to  extract  these 
metals  P 

50.  Impure  lead  and  pure  copper  are  separately  melted,  and  the  molten 
metals  are  each  allowea  to  stand  for  some  time  in  an  oxidizing 
atmosphere.  How  would  this  treatment  affect  the  properties  of  the 
metals  after  they  have  solidified  P 

51.  Name  and  describe  briefly  the  six  specimens  submitted  to  you. 


SUBJECT  XIXp.  PRACTICAL  METALLUSaT. 

Practical  Examination. 

Examiner,  PROFESSOR  W.  CHANDLER  ROBERTS- 
AUSTEN,  F.R.S. 

iMtructions  to  Candidates. 
Works  on  Metallurgy  may  be  used. 


Abundant  samples  are  sent  in  each  case ;  the  amount  to  be  actually 
used  is  left  to  the  candidate's  discretion. 


Elementary  Stage. 

Three  hours  are  allowed  for  this  examination. 


1.  The  candidate  is  requ'ured  to  form  sulphide  of  tin  from  the  tin 

and  sulphur  given  to  him.  He  is  to^  deduce  the  chemical 
composition  of  the  product  from  the  increase  in  weight  of 
the  tin. 

2.  The  candidate  is  reqiiired  to  melt  the  sample  of  copper  given  to 

him,  and  to  produce  by  oxidizing  it  and  by  "poling"  it,  "  dry,'* 
"  tough,"  ana  "ovcrpoled  "  copper. 

Note. — ^The  candidate  must  place  the  number  of  his  examination 
paper  on  the  products  he  obtains,  and  hand  them  to  the  Super- 
mtendents  of  tne  examination,  to  be  returned  to  the  Department  for 


ion. 
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SUBJECT  XIX|>.     PKACTICAL  HETALLUBaT. 

Practical  Examination. 

ExAMiNKR,  PROFESSOR  W.  CHANDLER  ROBERTS- 
AUSTEN,  F.R.S. 

Instructions  to  Candidates, 

Wor^  on  MetaUurgy  may  be  ufled. 


Abundant  aamples  aie  sent  in  each  case;  the  amount  to  be  actually 
used  is  left  to  the  candidate's  discretion. 


Ad^mnced  Stage. 

Four  hours  are  allowed  for  this  eiamination. 


1.  The  candidate  is  required  to  prepare  "  Speculum  metal "  from  the 

tin  and  copper  given  to  him.    He  is  to  calculate  the  composition 
of  the  alloy  he  produces  from  its  weight, 

2.  The  sample  is  an  ore  of  antimony.    The  candidate  is  required  to 

describe  it,  and  to  determine  the  percentage  of  metal  by  a  "  diy " 

or  by  a  "  wet "  method. 

Nofe.— The  candidate  must  place  the  number  of  his  ezaminaiioa 

paper  on  the  product  he  obtains  in  the  first  question,  and  hand  it 

to  the  Superintendents  of  the  examination,  to  be  returned  to  the 

Department  for  examination. 


Honours. 

Eight  hours  are  allowed  for  this  examination. 


1.  The  sample  of  regulus  sent  contains  iron  and  copper.  The  candi- 
date is  required  to  roast  this  so  as  to  produce  sulphates  of  the 
two  metals.  The  roasted  product  is  then  to  be  treated  with  water, 
and  the  percentages  of  iron,  copper,  and  sulphuric  acid  present  in 
the  solution  are  to  be  determined. 

:2.  The  candidate  is  required  to  determine  the  percentages  of  lead  and 
of  iron  in  the  sample  of  impure  zinc  given  him.  He  is  also  to 
test  the  zinc  for  the  presence  of  arsenic. 

Note, — ^None  of  the  products  are  to  be  returned. 
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SUBJECT  XX.    NAVIGATION. 

Examiner,  Rbv.  J.  B.  HARBORD,  M.A. 

General  Instructions. 

If  the  rules  are  not  attended  to,  the  paper  will  be  cancelled. 

You  may  take  the  Elementary,  or  the  Advanced,  or  the  Honours 
paper,  but  you  must  confine  yourself  to  one  of  them. 

In  all  cases  the  number  of  the  question  must  be  placed  before  the 
answer  on  the  worked  paper. 

The  value  attached  to  each  question  is  shown  in  brackets  affcer  the 
question.  But  a  full  and  correct  answer  to  an  easy  question  will  in  all 
cases  secure  a  larger  number  of  marks  than  an  incomplete  or  inexact 
answer  to  a  more  difficult  one. 


You  are  to  confine  your  answers  strictly  to  the  questions  proposed. 

Your  name  is  not  given  to  the  Examiner,  and  you  are  forbidden  i 
Tite  to  him  about  your  answers. 

1%e  examination  in  this  subject  lasts  for  three  hours. 


Tint  Stage  or  Elementary  Bxandnation. 


Instructions. 

You  an  only  permitted  to  attempt  eight  (questions,  vis.,  four  out  of 
each  of  the  sections  into  which  the  paper  is  divided. 


Section  I. 

1.  Define  equator,  first  meridian,  poles  of  the  earth,  latitude,  longi- 
tude ;  distinguish  between  great  and  small  circles  on  the  surface 
of  the  earth,  and  give  an  example  of  each.    What  is  a  degree  P 

(121.) 

2.  Define  difference  of  latitude,  difference  of  longitude,  course,  dis- 
tance. Required  the  difference  of  latitude  and  the  difference  of 
longitude  between  A  and  B— lat.  A  3(P  ICT  N.,  long.  A  6®  16*  E. ; 
kt.  B  10°  20'  N.,  long  B  10°  29^  W.  On  what  curve  is  the 
nautical  distance  always  reckoned,  and  on  what  curve  is  the 
shortest  distance  P  (1 2i) 
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3.  Draw  a  compass  card.  How  many  degrees  axe  there  between  S.S.B. 
and  S.  W.i  W.  P  A  ship's  head  is  42''  1 1'  W  to  the  west  of  north  ; 
describe  this  by  the  point  of  the  compass.  Define  variation, 
deviation,  leeway.  (12}.) 

4.  What  do  you  mean  when  you  speak  of  pkne  sailing  P  What  do 
you  understand  by  resolving  a  traverse  P  Prove  the  formula, 
diff.  long.  =  dist.  X  sin.  course  X  sec.  mid.  lat.  (12^.) 

5.  Describe  fully  the  common  log,  with  all  that  is  necessary  in  con- 
nexion with  it  when  used.  Describe  the  process  of  heaving  it, 
and  mention  the  precautions  for  ensuring  a  correct  result. 

(12i.) 

6.  When  a  ship's  head  swings  round,  how  is  it  that  the  compass 
card  remains  stationary,  and  what  indicates  the  direction  of  the 
ship's  headP  To  what  causes  is  the  deflection  of  the  compass 
needle  on  board  ship,  from  the  geographical  meridian,  due  P  Hov 
can  you  find  out  how  much  is  due  to  one  cause  and  how  much  to 
another  P  (12*.) 


Section  II. 

7.  A  ship  sails  due  east,  from  a  place  in  latitude  50^  W  N.  and  longi- 
tude 32^  dO'  W. ;  find  the  latitude  in  and  longitude  in.  (7.) 

8.  A  ship  sails  263  miles  N.W.  by  N.,  and  then  finds  her  latitude  to 
be  28^  20'  S. ;  what  was  the  latitude  of  the  place  she  sailed  from  ? 

(9.) 

9.  What  is  the  distance  of  St.  Helena  (lat.  16<>  56'  S.,  long.  5°  43'  W.) 
from  a  ship  in  lat.  18^  10'  S.  and  long.  8^  30^  £.,  and  on  what  true 
course  must  she  sul  to  arrive  there.  (10.) 

10.  Find,  by  middle  latitude  sailing,  the  latitude  in  and  longitude  in, 
the  ship  bavin j(  sailed  245  miles  due  east  by  compass  from  a  place 
in  lat.  30^  20'  S.  and  long.  65*'  WE.;  i-ariation  2i  points  W., 
deviation  8^  30'  W.  (13.) 

11.  Find  the  compass  course  and  distance  from  St.  Abb's  Head 
(lat.  55°  65'  N.,  long.  2^  8'  W.)  to  the  Naae  (lat.  57**  68'  N.,  long. 
7°  3'  £.) ;  variation  2i  points  W.,  deviation  1  r  £.  (13.) 

12.  A  ship  leaves  Cape  St.  Vincent  (lat.  37°  3'  N.,  long.  9°  W.)  and  sails 
as  follows  : — 

True  Courses.  Di&tanoes. 

W.  .  -  -  -  88  miles. 

N.W.      -  .  .  -  20      „ 

E.S.E.     -  -  -  -  52     „ 

S 65      „ 

N.E.byN.         -  -  -  16      ,. 

Find  the  latitude  in  and  longitude  in.  (14.) 
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Second  Stage  or  AdTmnced  SjuuninaUon. 

Instructions. 

Read  the  General  Instructions  at  the  head  of  the  Elementary  paper. 
You  are  permitted  to  attempt  all  or  any  of  the  questions. 


21.  Explain  what  you  mean  by  Mercator  sailing.  Apply  the  method 
to  find  the  compass  course  and  distance  from  Cape  Clear  (Lat. 
51°  26'  N.,  long.  9°  29'  W.)  to  Funchal  (lat.  329  AT  N.,  long. 
16°  58'  W.) ;  variation  28°  W.,  deviation  7°  W.  (20.) 

22.  A  ship,  in  the  southern  hemisphere,  changes  her  longitude  16^ 
without  altering  her  latitude,  sailing  a  distance  of  540  miles. 
What  is  her  latitude? 

Prove  the  formula  you  use,  drawing  a  diagram.  (20.) 

23.  Under  what  circumstances  can  middle-latitude  sailing  be  used  ^dth 
advantage  P  When  should  the  use  of  this  formula  be  avoided  P 
Give  examples  of  each. 

A  ship  in  the  southern  hemisphere  sails  a  distance  equal  to  the 
difference  of  longitude  on  a  course  S.  30''  W.  Find  tne  middle 
latitude.  (20.) 

24.  A  ship  is  distant  Irom  her  port  ^S  miles,  and  its  ()earing  is  N.E.  by 
N. ;  after  sailing  in  this  direction  for  six  hours  at  the  rate  of 
8  knots  the  nort  bore  E.S.E.,  and  was  22  miles  distant.  Find  the 
direction  ana  rate  of  the  current.  (20.) 

25.  Describe  Walker's  Patent  Harpoon  Ship  Log,  drawing  a  figure  and 
indicating  clearly  the  use  of  tne  different  parts.  Define  a  nautical 
mile,  and  state  how  its  length  is  obtained. 

A  ship  uses  a  glass  which  runs  out  in  28"  and  a  log  line  on  which 
the  length  of  the  knot  is  50^;  after  having  made  good  200  miles 
thus  estimated,  what  will  be  the  error  in  her  distance  P  (25.) 

26.  Find  the  distance  on  the  great  circle  between  Port  Egmont  (lat. 
51°  24'  S.,  long.  59°  56'  W.)  and  Simon's  Town  (lat.  34°  12'  S., 
long.  18°  26'  £.),  and  the  initial  course. 

What  mo(Ufication  is  necessary  to  render  great  circle  sailing 
practicable?  (30.) 

27.  Omitting  the  effect  of  horizontal  soft  iron  on  the  compass  of  an 
iron  ship,  and  supposin|^  the  deviation  to  be  3°  £.  when  her  head 
is  north,  3°  W.  when  it  is  N.  by  E.,  and  that  it  continues  to  the 
westerly  [as  her  head  passes  through  E.  to  S.  by  W.,  and  then 
bcM»meB  easterly — what  do  you  deduce  from  this  as  to  the  position 
of  the  ship  when  building  P  Explain  clearly  and  fully  the  reason 
of  your  answer,  with  diagram.  (25.) 

28.  Januavv  29th,  1888,  at  noon,  C.  Reoif  (lat.  34°  1'  S.,  long. 
25^  4(r  £.)  bore  by  compass  north  (ship's  head  being  E.S.E.), 
distant  15  miles;  imerwards  sailed  as  by  following  log  account. 
Requued  the  latitude  in  and  longitude  in  on  January  dOth  at 
noon  5  variation  30»  W.  (40.) 
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H. 

S. 

t^tbs. 

Connei. 

Vind. 

Leeway 
Fointe. 

Bemaiki. 

E.S.B. 

N.B. 

2 

DeTiation  18**  5'  K 

Sooth. 

NJ?.E. 

0 

DeviadonaMo'E. 

0 

S.E. 

EJ^X 

U 

DeTiation  14''  ICX  E. 

N.  by  W. 

&W. 

i 

Deriatioa  9''  15'  W. 

N.W. 

W.S.W. 

1 

DeTiation  2i°  (/  W. 

3 

Honours  Bzaminatioii. 

IN8TRUCTION8. 


Read  the  General  Instructions  at  the  head  of  the  Elementary  paper. 
You  are  permitted  to  attempt  all  or  any  of  the  questions. 


41.  From  the  top  of  a  c]i£P,  698  feet  above  the  surface  of  the  sea,  the 
angle  of  depression  of  a  ship,  bearing  south,  is  found  to  be  45^ 
and  that  of  another  ship  bearing  S.  30°  W.  is  found  to  be  30^; 
find  the  distance  oi  the  two  ships  &om  each  other.  (40.) 

42.  A  ship  sailing  N.  by  E.  by  compass,  8  miles  an  hour  (variation 
2i  points  W.,  deviation  11®  £.)•  observes  two  peaks,  A  and  B; 
A  bears  E.  by  S.,  and  B  bears  E.N.E.  by  compass  ;  an  hour  after- 
wards the  bearing  of  A  is  S.£.  and  the  bearing  of  B  is  E.  Required 
the  true  bearing  and  distance  of  A  from  B.  (40.) 
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43.  A  ship  sails  on  the  arc  of  n  great  circle  from  a  place  A  in  lat. 
25°  30r  S.,  long.  90°  2(K  W.,  to  a  place  B  in  lat.  3CP  W  N.,  long. 
150°  E.  Find  the  latitude  of  the  vesttex,  and  the  oourse  on  which 
she  crosses  the  equator.  Show  that  these  two,  in  such  cases^ 
always  bear  a  fixed  relation  to  each  other.  (60.) 

44.  Construct  a  traverse  table  for  distance,  54,693  to  each  point. 

Define  the  "  danger  angle.''  Supposing  a  ship  to  sail  on  the 
arc  of  a  senu-circle,  of  wnich  the  two  forts  A  and  B  are  the  ex- 
tremities of  the  diameter,  would  she  be  in  danger  of  a  shoal  the 
danger  angle  of  which  subtended  by  A  B  is  110°  P  Illustrate  your 
answer  by  a  figure. 

If  A  B  =  54,693  feet,  find  by  the  above  table  her  distance  fronv 
A  and  B  when  her  bearing  from  A  is  E.N.E.  and  N.E.  by  N.,  B 
being  due  £.  of  A.  (50.) 

45.  Describe  the  course  of  the  revolving  storms  of  the  North  Atlantic 
and  South  Indian  Oceans.  If  a  ship  is  compelled  to  heave  to  in  a 
cyclone,  what  tack  should  be  selected  P  Show  how  she  can  deter- 
mine what  part  of  the  storm  she  is  in.  Give  the  rule  for  the 
direction  in  which  the  wind  veers.  (40.) 

46.  Explain  f  uUv  the  causes  of  the  heeling  error.  In  what  positions  of 
the  ship  is  the  change  in  the  deviation  due  to  the  heehng  greatest 
and  least  P  Show  why.  Define  the  heeling  coefficient.  A  ship's 
head  is  S.  bv  E.,  and  she  heels  8°,  which  causes  a  change  in  devia- 
tion of  15°  40^ ;  what  will  be  the  change  when  the  ship's  head  is 
S.E.,  and  she  heels  10°  in  the  same  direction  P  (50.) 

47.  What  distinction  in  the  buoys  is  there  on  the  two  sides  of  a  channel 
at  the  entrance  to  a  harbour  P  How  do  you  speak  of  these  two 
sides  P    Describe  the  Y4evel  and  its  adjustments.  (40.) 

48.  Construct  a  Mercator's  chart  on  a  scale  of  1  *2  inch  to  a  degree  of 
longitude,  extending  from  the  first  meridian  to  4°  E.,  and  mm  the 
Arctic  cbcle  to  69°  N. 

A  ship  leaves  a  place.  A,  in  lat.  67°  10"  N.,  long.  3°  15'  E.,  and 
sails  as  foUows  (variation  27""  10"  W.) :— 


Compan  Coonea. 

DoTiatioii. 

DManoet. 

W.  by  N.  J  N. 

N.E.byE. 

W.S.W. 

13°20'E. 

42 

4°30'W. 

90 

7°  40'  E. 

60 

Lav  down  the  true  courses  and  take  off  the  latitude  in  and  longi- 
tude in.  Give  the  magnetic  bearing  of  A  from  the  ship  in  her  last 
position.  (90.) 
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SUBJECT  XXL    NAUTICAL  ASTB0N0X7. 

ExAMiNiB,  Rkv.  J.  B.  HARBORD,  M^. 

Gknxral  Inbteuotions. 
If  the  rnleg  are  not  attended  to,  the  paper  will  be  cancdled. 

You  may  take  the  Elementary,  or  the  Advanced,  or  the  Honoim 
paper,  but  you  must  confine  yourself  to  one  of  them. 

Put  the  number  of  the  question  before  your  answer. 

The  value  attached  to  each  question  is  shown  in  brackets  alter  the 
question.  But  a  full  and  correct  answer  to  an  eai^  question  wiQ  in  all 
cases  secure  a  Jpurger  number  of  marks  than  an  incomplete  or  inexact 
answer  to  a  more  difficult  one. 

You  are  to  conflne  your  answers  strietiy  to  the  questions  proposed. 

Your  name  is  not  given  to  the  Examiner,  and  you  are  forbidden  to 
write  to  him  about  your  answers. 

Tke  esfommaiitm  in  thii  tubjeet  kutsfwr  three  htmrs. 


rirat  Stage  or  Blementuy  SxaaiaaUon. 

You  are  otilj  permitted  to  attempt  eiffht  questions,  vis.,  fowr  out  of 
each  of  the  sections  into  which  the  paper  is  divided. 


Sbction  I. 

1.  Define  equinoctial,  vertical  circles,  azimuth,  hour-circles,  oeleatial 
latitude,  obliquity  of  ecliptic.    Give  diagrams.  (12^0 

2.  Describe  how  you  find  the  altitude  of  a  body  above  the  sea-horison. 
Distinguish  between  the  observed,  the  apparent,  and  the  true 
altitudes ;  and  state  how  the  true  is  obtained  from  the  observed. 

(I2i.) 

3.  Prove  the  rule  for  finding  the  hour  angle  of  the  sun,  having  given 
his  declination  and  altitude  and  the  latitude  of  the  place.  Draw 
diagram  for  the  case  when  the  sun  is  to  the  west  of  tiie  meridian, 
his  declination  south,  and  the  latitude  of  the  place  north. 

.  What  must  you  apply  to  this  angle  before  you  can  compare  it 
with  the  time  shown  by  chronometer  P  (121.) 

4.  Define  amplitude,  and  prove  the  rule  for  finding  the  variation  of 
the  compass  by  amplitude  of  the  sun.  Whence  £>  you  obtain  the 
several  data  for  this  problem?  What  instrument  do  you  use  in 
the  observation  P  '  (i24.) 
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Explain  the  difiPerence  between  civil  and  astron  omical  time.  Ex- 
press in  both  the  date  and  time  at  which  you  commenced  to  work 
this  paper.  Explain  what  you  mean  by  the  Greenwich  date,  and 
why  it  IS  so  important.  What  difference  in  longitude  is  equivalent 
to  a  difference  in  time  of  lO**  14"  30"  ?  What  is  the  difference  in 
time  between  two  places.  A  in  longitude  5°  20'  3(/'  E.,  and  B  in 
longitude  89<^  1 C  20"  E.  P  (12i.) 

Supposing  there  to  be  no  index  error,  what  is  the  actual  length  of 
the  limb  of  a  sextant  between  0  and  the  index,  when  the  angle 
between  two  ejects  measured  is  86°  ?  What  is  the  index  error 
of  a  sextant  P    Explain  how  to  find  it  by  observations  of  the  sun. 

(12i) 


Section  II. 

7.  May  12th,  1888,  in  longitude  150°  W.,  the  observed  meridian 
altitude  of  the  sun's  L.L.  was  39°  20'  30"  (zenith  south  of  the 
sun),  the  index  correction  was  +  1'  50",  and  the  height  of  the  eye 
above  the  sea  was  20  feet.    Required  the  latitude.  (8.) 

8.  At  a  certain  place  on  the  parallel  of  38°  20'  N.,  the  sun's  centre 
was  on  the  meridian  at  the  same  time  that  it  was  in  the  vernal 
equinoctial  point .-  find  the  altitude  of  the  L.L.,  taking  the  semi- 
duuneter  from  the  "  Nautical  Almanac."  (8.) 

9.  January  20th>  1888,  at  7*^  8"  A.M.,  mean  time  nearly,  in  latitude 
38°  30^  N.,  and  longitude  40°  20'  W.,  the  sun  rose  by  compass 
E.  39°  20'  S.    Required  the  variation,  the  deviation  being  6°  2t  £. 

(10.) 

10.  June  6th,  1888,  at  6^  P.M.,  mean  time  nearly,  in  latitude  60°  40' N., 
and  longitude  100°  W.,  when  the  sun  bore  by  compass  N.  91°  40'  W. , 
the  observed  altitude  of  the  sun's  L.L.  in  artificial  horizon  was 
36®  50'  30" ;  index  correction,  +  2'  50".    Required  the  variation. 

(12.) 

11.  February  8th,  1888,  at  9^  A.M.,  mean  time  nearly,  in  latitude 
38°  30*  N.,  and  longitude  by  account  147®  20^  E.,  when  a  chrono- 
meter showed  10**  45'»  13",  the  observed  altitude  of  the  sun's  U.L. 
was  22°  18'  20";  index  correction,  3'  30"—,  height  of  the  eye  17 
feet. 

On  28th  January,  at  noon,  the  chronometer  was  slow  on  G.M.T. 
40™  10",  and  its  rate  was  5*5*  gaining:     Required  the  longitude. 

(14.) 

12.  April  18th,  1888,  at  S^  50"  A.M.,  mean  time  nearly,  in  latitude 
32°  22'  N.,  and  longitude  64°  SO'  W.,  when  a  chronometer  showed 
2*  10"  0",  the  observed  altitude  of  the  sun's  L.L.,  in  artificial 
horizon,  was  84°  45'  30 ";  index  correction,  -f  2'  SiV.  Reauired 
the  error  of  chronometer  on  G.M.T.  (14.) 
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Second  Stage  or  ▲dTaaced  SzamlnaUoiu 

Instructions. 

Read  the  General  InBtructions  at  the  bead  of  the  Elementaiy  paper. 
You  are  perxnitted  to  attempt  all  or  any  of  the  questions. 


21.  Given  the  hour-angle  of  a  star,  show  how  to  find  the  ship's  mean 
time.    Explain  by  diagram,  showing  a  star  east  of  the  meridian. 

Greenwich,  April  10th,  1888,  when  a  sidereal  clock  ahowed 
7^  20^  10*,  a  chronometer  showed  6^  50^  20".  Required  the  enor 
of  the  chronometer  on  G.M.T.,  the  error  of  the  sidereal  clock  bang 
3»  26-6-  fast.  (25.) 

22.  Explain  shortly,  but  clearly,  how  it  is  that  the  observation  of  i 
lunar  distance  with  the  altitudes  of  the  bodies  enables  you  to 
determine  the  longitude. 

What  principal  governs  the  selection  of  the  bodies  used  for  lunar 
distances  ?  Give,  with  their  correct  right  ascen sions  and  declinations, 
those  within  distance  on  1st  January  1888,  at  8  P.M.  (25.) 

23.  Explain  the  correction  for  dip.  Investigate  an  expression  for 
calculating  a  table  for  ''  Dip  of  the  Sea  Horison  " ;  and  show  tiiat 
approximately  the  dip  in  minutes  is  equal  to  the  square  root  of  the 
height  of  the  eye  in  feet.  (25.) 

24.  Investigate  a  rule  for  finding  the  latitude  by  altitudes  of  two  stars 
taken  at  the  same  instant. 

If  the  altitudes  of  the  two  stars  are  taken  at  different  times  ho 
do  you  find  the  polar  angle  7    Give  the  corrections  necessary  when 
great  accuracy  is  required.  (25.) 

25.  February  4th,  1888,  at  5^  35*^  A.M.,  mean  time  nearly,  in  longitude 
30^  45'  W.,  the  observed  meridian  altitude  of  the  moon's  L.L.  was 
40^^30' 20",  zenith  north;  index  correction  -f  8'  10";  height  of 
the  eye  above  the  sea  18  feet.     Required  the  latitude.  (25.) 

26.  June  6th,  1888,  at  6  P.M.,  mean  time  nearly,  at  a  place  on  shore, 
in  latitude  50^  40^  N.,  and  longitude  100^  W.,  when  the  sun 
bore  by  compass  S.  88°  20'  W.,  a  chronometer  showed  12»^  38«3^, 
the  error  of  chronometer  on  G.M.T.  being  8"^  10"  fast.  Find  the 
variation  of  the  compass.  (25.) 

27.  May  5th,  1888,  in  longitude  25°  20^  W.,  at  9^  30«  10-,  mean  time, 
the  altitude  of  the  Pole  Star  was  39°  15'  50^' ;  index  conection 
^3'  40^' ;  height  of  the  eye  22  feet.    Required  the  latitude. 

At  what  times  will  the  Pole  Star  pass  the  meridian  of  this  place, 
on  this  day  P  At  what  distance  from  the  pole  P  Show  whether 
the  altitude  was  taken  nearer  the  upper  or  the  lower  transit. 

(25.) 

28.  January  7th,  1888,  at  2^  35  A.M.,  mean  tune  nearly,  in  latitude 
25°  45'  N.,  and  longitude  by  account  131°  W  E.,  when  a 
chronometer  showed  6*^  11"^  4',  the  observed  altitude  of  Sirius  west 
of  the  meridian  was  29°  15'  40"  j  Index  correction,  2'  50"  -h  ; 
height  of  eye  18  feet. 

On  January  1st  the  chronometer  was  fast  on  Greenwich  mean 
time  20°^  30",  and  its  daily  rate  was  5'5'  gaining.  Find  the 
longitude.  (25.) 
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Honours  Szamination. 

Instructions. 

Read  the  General  Instructions  at  the  head  of  the  Elementary  paper. 
You  are  permitted  to  attempt  all  or  any  of  the  questions. 


41.  .Investigate  a  formula  for  findin^^  the  latitude  by  altitudes  near  the 

meridian,  using  estimated  latitude.  What  is  the  correction  thus 
obtained  called?  Why  is  this  method  resorted  to  when  the 
meridian  altitude  method  is  much  simpler  than  any  other  p  Show 
that  the  error  in  latitude  of  place  is  least  when  the  azimuth  of  the 
body  is  least ;  also  that  this  method  of  determining  the  latitude  is 
most  useful  in  high  latitudes.  (50.) 

42.  Distinguish  between  a  Line  of  Position  and  a  Line  of  Bearing. 

Explam  clearly  the  principle  of  the  method  for  determining  the 
place  of  a  ship  bv  lines  of  position.  What  are  the  advantages  of 
this  method  P  How  can  one  line  of  position  only  be  sometimes 
utilised  P 

The  coinpass  bearing  of  the  sun  was  S.  10°  43'  E.,  the  deviation 
being  3P  l&  W.,  when  two  points,  A  and  B  on  line  of  position  of 
the  ship,  were  computed  to  be : — ^lat.  A.  =:  35^  lO'  N.,  long.  A  = 
590  20^  W. ;  lat.  B.  =  35°  40^  N.,  long.  B  =  SS^  W.  Find  the 
variation.  (60.) 

43.  What  is  the  moon's  equatorial  horizontal  parallax  when  her  distance 
from  the  earth  is  exactly  60  times  the  earth's  equatorial  radius? 

Find  the  moon's  horizontal  parallax  for  the  latitude  of  Greenwich 
(51°  29^  N.),  when  the  horizontal  parallax,  as  given  in  the  "  Nautical 
Almanac,"  is  66'  46". 

Also  find,  by  calculation,  the  parallax  in  altitude  in  this  case, 
when  tbe  apparent  altitude  of  the  moon's  centre  is  40°  30^  the 
refraction  being  V  S'\  (50.) 

44.  Mav  16th,  1888,  at  4*"  16»  P.M.,  mean  time  nearly,  in  latitude 
dOP2(y  N.,  and  longitude  by  account  78°  10'  W.,  the  following 
lunar  observation  was  taken : — 

Obfld.  Alt.  Ban's  L.L.  Obsd.  Alt.  Moon's  L.L.  Obsd.  Dist.  X.L. 

31°  68'  0"  63°  29'  30"  64°  49'  30" 

Ind.  cor.  2' 10"-  1' 10"-  60'^- 

Height  of  eyes  was  20  feet.     Required  the  longitude.  (70.) 

45.  Take  from  the    ''Nautical  Almanac"  the  right  ascension  and 

declination  of  Altair  on  June  29th,  1888,  and  thence  compute  the 
longitude  and  latitude  of  the  star.  (40.) 

46.  Show  how  it  happens  that  there  is  only  one  high  tide  on  certain 
days  which  are  indicated  by  — ,  in  the  table  of  "  Nautical  Almanac," 
pages  474,  475. 

Mention  and  describe  briefly  the  different  methods  of  finding 
the  time  of  high  water,  at  a  place,  on  any  particular  day. 

In  surveying  a  harbour,  wnat  tidal  observations  should  be  made  ? 

(50.) 

I  2 
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47.  Describe  the  method  of  comparing  the  chronometers  when  there 
are  several,  say  three,  on  board.  Give  a  specimen  of  a  Chronometer 
Journal,  and  state  the  use  of  the  '*  Second  Difference "  column. 
Mention  the  precautions  necessary  in  connexion  vitli  the  winding 
of  the  chronometers.  (40.) 

48.  In  a  marine  survey  how  are  the  latitude  and  longitude  of  the 
Observatory  Station  usually  detei mined  ?  What  objection  is  tbiae 
to  finding  both  extremities  of  the  base  line  by  astronomical 
observations  ?  Describe  clearly  how  the  direction  of  the  base  line 
is  ascertained.  (40.) 


Practical  Bzamination. 


Candidates  were  examined  in    the   use  of  the  sextant,  azimuth 
compass,  and  Mercator  chart. 


SUBJECT  XXn.     STEAM. 

Examiner,  PROFESSOR  GOODEVE,  M.A. 


General  Instructions. 

If  the  rules  are  not  attended  to,  the  paper  will  1)e  cancelled. 

You  may  take  the  Elementaiy,  or  the  Advanced,  or  the  Honours 
paper,  but  you  must  confine  yourself  to  one  of  them. 

Put  the  number  of  the  question  before'your  answer. 

You  are  to  confine  your  answers  strictly  to  the  questions  proposed. 

Your  name  is  not  given  to  the  Examiner,'  and  you  are  forbidden  to 
write  to  him  about  your  answers. 

The  examinatum  in  this  subject  lastsfor  three  hours. 
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First  Stage  or  Elementary  Szamination. 

Instructions. 

You  are  not  permitted  to  attempt  more  th&n  Jive  questions. 
The  value  attached  to  each  question  is  shown  in  brackets  after  the 
question. 


1.  A  winding  engine  performs  188,156  units  of  work  per  minute, 

and  has  a  cylinder  20^  inches  in  diameter,  the  stroke  of  the  piston 
being  2  feet  10  inches  and  the  number  of  strokes  per  minute 
being  15.  What  should  be  the  mean  pressure  per  square  inch 
exerted  by  the  steam  on  the  piston,  neglecting  loss  of  work  by 
resistances  P 

(Trfceir  =  |.)  ^^5^ 

2.  Sketch  a  vertical  section  through  the  cylinder  and  piston  of  New- 
oomen's  pumping  engine.  Where  was  the  bold  water  for  con- 
densation admitted  P  What  was  the  object  of  the  snifting  valve, 
and  where  was  it  placed  P  How  was  the  condensing  water  got  rid 
of  and  prevented  from  returning  into  the  cylinder  P  (15.) 

3.  How  many  units  of  heat  are  required  for  raising  the  temperature 

of  1  lb.  of  water  from  60°  F.  to  212°  F.,  and  then  converting  it 
into  steam  at  212°  F.  P  (15.) 

4.  What  is  the  difiEerence  between  a  single  and  a  double  acting  engine  P 
For  what  kind  of  work  are  single-actini;  condensing  engines 
commonly  used  P  Why  is  it  the  practice  to  employ  three  separate 
valves  for  distributing  the  steam  in  such  an  engine  when  one  valve, 
properly  constructed,  will  suffice  in  a  dotible-Bjctuig  engine  P  Name 
the  valves  and  mention  the  particular  purpose  for  which  each  is 
required.  (15.) 

5.  What  is  the  meaning  of  the  term  "lead'*  as  applied  to  a  slide 
valve  P  Sketch  in  longitudinal  section  the  steam  ports  and 
passages  leading  to  the  top  and  bottom  of  the  cylinder,  and  place 
the  valve  in  such  a  position  that  the  lead  is  i  inch,  the  lap  of  the 
valve  being  1  inch^  marking  dimensions.  (15.) 

6.  Sketch  and  describe  the  method  of  keeping  the  piston-rod  steam 
tight  in  the  cylinder  cover.  (15.)     . 

7.  The  initial  pressure  of  steam  is  45  lbs.  above  that  of  the  atmo- 

sphere, and  the  atmospheric  pressure  is  15  lbs.  per  square  inch ; 
the  steam  expands  five  times ;  -what  is  the  final  pressure  P  Set  off 
the  expansion  curve  in  a  diagram,  and  mark  the  position  of  the 
atmospheric  line.  *  (15.) 

8.  The  lever  of  a  safety  valve  is  balanced  and  is  24  inches  in  length ; 

the  distance  between  the  fulcrum  and  the  end  of  the  valve  spmdle 

is  3  inches,  the  diameter  of  the  valve  being  2^  inches.    Find  the 

weight  to  be  put  on  the  end  of  the  lever  in  order  that  the  steam 

may  escape  at  a  pressure  of  50  lbs.  per  square  inch,  the  weight  of 

22 
the  valve  being  neglected.    (Take  »  =;  -s-  0  (15.) 
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9.  Sketch  a  section  through  the  air  pump  and  condenser  of  a  con- 
densing engine;  name  the  several  valves  and  essential  parts, 
and  point  out  their  uses.    Show  the  construction  of  the  valves. 

(20.) 

10.  Describe  an  ordinary  double-beat  valve,  making  such  sketches  as 
may  be  necessary  for  showing  the  construction  of  the  vtlve  and 
the  principle  on  which  it  acts.  (20.) 

11.  In  designing  locomotive  boilers  it  is  necessary  to  provide  for  a 
sufficiently  large  amount  of  heating  surface  and  a  sufficiently 
strong  draught.  Sketch  a  section  through  a  locomotive  boiler, 
descnbing  the  manner  in  which  these  two  requisites  are  prodded 
for.  (20.) 

12.  Make  a  section  through  the  cylinder  and  piston  of  an  oscillalang 
engine,  showing  the  connection  of  the  piston  with  the  crank  shaft. 
Show  by  a  separate  drawing  the  belts  or  steam  passages  which 
serve  for  the  admission  and  exit  of  the  steam.  (25.) 


Second  Stage  or  Advanced  Sscamination. 

Instructions. 

Read  the  General  Instructions  at  the  head  of  the  Elementaiy  paper. 

You  are  not  permitted  to  attempt  more  than/oe  questions. 

The  value  attached  to  each  question  is  shown  in  brackets  after  the 
question. 


21.  Define  a  unit  of  heat.  A  steam  engine  indicates  25  H.P.,  how 
many  units  of  heat  does  it  convert  into  useful  work  per  minute  F. 

(25.) 

22.  In  a  marine  engine  fitted  with  a  surface  condenser,  the  steam 
reaches  the  condenser  at  a  mean  absolute  pressure  of  3  lbs.  per 
square  inch^  and  is  condensed  to  water  at  120^  F.  How  many 
pounds  of  circulating  water^  which  enters  at  60^  F.  and  is  dis- 
charged at  100°  F.,  will  be  required  for  eveiy  1  lb.  of  steam 
condensed  P   (The  temperature  of  steam  at  3  lbs.  pre68ure=l^°  F.) 

(30.) 

23.  The  diameter  of  a  cylinder  of  a  non-condensing  engine  is  18  inches, 
the  length  of  stroke  is  2  feet  6  inches,  the  mean  pressure  of  the 
steam  is  20  lbs.  on  the  square  inch  above  the  atmosphere.  Find 
the  number  of  revolutions  per  minute  when  the  engine  develops 
27  H.P.  (30.) 

24.  In  a  direct-acting  horizontal  engine,  where  the  connecting  rpd 
works  between  guides,  the  connecting  rod  is  five  times  as  lonjgr 
as  the  cranky  the  pressure  on  the  piston  when  the  crank  ia 
vertical  being  1,250  lbs. ;  find  the  thrust  on  the  slide  bar,  n^lect- 
isg  friction,  and  indicate  the  direction  in  which  it  acts.  Does  the 
direction  of  the  thrust  change  during  any  part  of  the  revolution  P 

(36.) 
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25.  Make  a  diagram  of  the  valve  and  ports  of  a  looomotive  engine  with 
crank  and  eccentric  circles,  showing  the  positions  of  the  crank,  of 
the  centre  of  the  eccentric,  and  of  the  slide  valve,  when  the  crank 
is  on  its  dead  centre.  (35.) 

26.  What  is  meant  by  the  term  "  clearance "  P   -Assuming  that  the 

clearance  has  been  reduced  to  an  equivalent  length  of  the  stroke 
of  piston,  which  is  4  feet,  and  taking  the  case  where  steam  is  cut 
off  at  hiJf  stroke,  the  clearance  being  3  inches,  you  are  required 
to  compare  the  pressure  of  the  steam,  when  3  feet  of  the  stroke 
are  made,  with  the  pressure  under  the  same  circumstances  if  there 
were  no  dearance.  (40.) 

27.  State  the  formula  connecting  the  position  of  the  balls  in  Watt's 
governor  with  the  speed  of  revolution. 

Assuming  the  expression  for  the  constant  force  under  which  a 
body  describes  a  given  circle  with  a  given  uniform  velocity,  write 
out  a  proof  of  the  fonnula  which  you  have  given.  (35.) 

28.  Sketch  and  describe  a  steam  regulator  valve  as  applied  to  a 
looomotive  boiler,  and  show  that  by  means  of  it  the  steam  may  be 
admitted  gradually  to  the  cylinders.  Sketch  roughly  the  position 
of  the  valve  in  the  boiler.  (40.) 

29.  Describe,  with  a  sketch,  Bourdon's  steam  gauge,  and  explain  the 
principle  of  its  action.  (35.) 

30.  A  compound  condensing  engine,  with  cranks  at  right  angles  and 

an  intermediate  receiver,  has  cylinders  of  14  and  24  inches 
diameter  respectively,  each  with  a  stroke  of  36  finches.  Draw  the 
indicator  diagrams  wl^ch  you  would  expect  to  obtain  from  the 
cylinders  supposing  steam  of  90  lbs.  absolute  pressure  is  admitted 
to  the  high  pressure  cylinder  and  is  cut  off  at  half  stroke,  the 

steam  in  the  low  pressure  cylinder  being  cut  off  at  g  stroke, 

and  the  condenser  showing  a  back  pressure  of  4  lbs.  absolute. 
Attach  a  scale  of  inches  and  pounds  to  your  diagram.  (40.) 

31.  Sketch  and  describe  two  methods  by  which  the  internal  tubes  of  a 
Lancashire  boiler  are  strengthenea  against  collapse.  Name  the 
advantages  claimed  for  the  plans  you  select.  (35.) 

32.  Sketch  a  longitudinal  section  through  a  Giffard's  injector,  showing 
clearly  the  manner  in  which  the  flow  of  steam  and  water  is  regu- 
lated. Explain  the  principle  of  its  action,  and  account  for  the 
apparently  paradoxical  result.  (45.) 
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Honourft  Sxaminalion. 

Instructions. 

Read  the  General  Instructions  at  the  head  of  the  Elementaxy  paper. 
You  are  not  permitted  to  attempt  more  than  six  questions. 
The  value  attached  to  each  (|ueation  is  shown  in  brackets  after  the 
question. 


41.  A  boiler  makes  steam  containing  10  per  cent,  of  suspended  mois- 
ture ;  100  lbs.  of  feed  water  are  introduced  at  100°  F.,  and  are 
raised  into  steam  at  320°  F.  (pressure  of  90  lbs.  to  the  square  indi), 
how  much  neater  at  212°  F.  could  be  converted  into  saturated  steam 
at  212°  F.  by  the  same  consumption  of  fuel.  (60.) 

42.  Prove  t'he  fonnula  for  the  efficiency  of  a  perfect  heat  en||[ine  work- 
ing between  certain  fixed  limits  of  temperature.  Under  what  con- 
ditions would  a  perfect  engine  be  capable  of  converting  into  work 
the  whole  of  the  heat  existing  in  a  substance.  (70.) 

43.  Point  out  some  of  the  principal  theoretical  and  practical  considera- 
tions which  have  caused  engineers  to  adopt  compound  engines  in 
place  of  employing  expansion  in  a  single  cylinder.  Account  for 
the  economy  of  hiel  resulting  from  vie  use  of  triple  expansion 
engines.  (65.) 

44.  Describe  a  form  of  reversing  gear  for  a  slide  valve  where  a  single 
fixed  eccentric  replaces  the  double  eccentric  and  link.  Explain  the 
manner  in  which  the  arrangement  acts  and  how  it  becomes  ^ective 
in  reversing  the  engine.  (70.) 

45.  A  normal  indicator  diagram  of  an  expansive  engine  being  given, 
show  the  method  of  plotting  out  the  curve  of  crank  effort.  How  is 
the  curve  affected  by  taking  into  consideration  ^e  inertia  of  the 
reciprocating  parts  P  (60.) 

46.  It  is  required  to  design  expansion  gear  for  an  engine  so  as  to  obtain 
various  grades  of  expansion  while  the  engine  is  at  work.  What 
valve  or  valves  and  valve-gear  will  you  employ  for  this  purpose  P 
Make  full  sketches  to  illustrate  your  answer.  (/O.) 

4/.  In  a  steam  engine  the  cut  off  takes  place  at  * 7  of  the  stroke,  the 
angle  of  lead  is  6^  9',  the  width  of  the  steam  port  is  1|  inches,  and 

the  steam  port  opens  ^^  of  its  area.    Find  by  Zeuner's  diagram 

(neglecting  obliquity)  the  travel  of  the  slide,  the  angle  of  advance, 
the  outside  lap  and  the  outside  lead.    What  would  be  the  amomit 

of  inside  lap  necessary  to  produce  cushioning  after  =  of  the  stroke 

has  been  performed  P  (66.) 

cos  66°  26' =-4 
cos  59°  52'  =  -502. 
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.  SUBJECT  XXIII.    PHYSIOGRAPHY. 

Examiners,  PROFESSOR  JOHX  W.  JUDD,  F.R.S.,  and 
PROFESSOR  J.  NORMAN  LOCKYER,  F.R.S. 


General  Instructions. 
If  the  rnleB  are  not  attended  to,  the  paper  will  be  cancelled. 

You  may  take  the  Elementary,  or  the  Advanced,  or  the  Honours 
paper,  but  you  must  confine  yourself  to  one  of  them. 

Put  the  number  of  the  question  before  your  answer. 

You  are  to  confine  your  answers  strictly  to  the  questions  proposed. 

Your  name  is  not  given  to  the  Examiners,  and  you  are  forbidden  to 
write  to  them  about  your  answers. 

The  examination  in  this  subject  lasts  for  three  hours. 


First  Stage  or  Elementary  Szamination. 

Instructions. 

You  are  permitted  to  attempt  only  eight  questions. 
The  value  attached  to  each  question  is  indicated  by  the  numbers  in 
brackets. 


1.  What  is  the  binary  compound  which  occurs  in  the  greatest  abun- 

dance in  the  earth's  crust,  and  of  what  elements  is  it  composed? 
What  minerals  consist  of  this  substance,  and  with  what  other 
binary  compounds  is  it  found  united  P  (15.) 

2.  What  difference  will  be  observed  in  the  reading  of  a  barometer  if  we 
carry  it  from  the  sea-level  to  the  top  of  a  mountain  three  and  a  half 
miles  in  height?    Explain  the  cause  of  this  difference.  (15.) 

3.  Describe  the  apparent  annual  motion  of  the  stars,  due  to  the  earth's 
revolution  round  the  sun.  (15.) 

4.  Define  stress,  impulse,  momentum.  (11.) 

5.  Describe  two  simple  chemical  experiments.  (11.) 

6.  State  the  various  forms  of  water.  (11.) 

7.  Does  the  mariner's  compass  point  due  north  ?  If  not,  why  not? 

(11.) 

8.  Give  a  proof  of  the  earth's  rotation.  (1 1 .) 

9.  What  are  lavas?  Of  what  chemical  elements  are  lavas  chiefly 
composed  ?  (11.) 
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10.  Explain  the  mechanical  action  of  water,  when  frozen,  in  effectmg 
the  disintegration  of  rocks.  (11.) 

1 1.  What  are  the  two  chief  causes  of  differences  in  the  pressure  of  the 
air  at  the  sea-level  ?  (11.) 

12.  How  is  the  depth  of  the  ocean  determined  P  (11.) 


Second  Stage  or  Adranced  Ezamiiiation. 

•    Instructions. 

You  are  permitted  to  attempt  only  fivt  of  the  following  questioiu. 
The  value  attached  to  each  question  is  the  same. 


21.  I  wish  to  compare  the  harometric  readings  taken  at  two  places; 
what  data  with  respect  to  these  places  will  it  he  necessaiy  for  me  to 
have,  and  why  P 

22.  Explain  wh;^  the  influence  of  the  moon  is  greater  than  tiiat  of  the 
sun  in  causing  tides. 

23.  What  is  "  ground-ice/'  and  under  what  condition  is  it  formed  ? 

24.  How  has  the  mass  of  Jupiter  heen  determined  P 

25.  What  are  the  organisms  that  have  the  power  of  separating  silica 
from  searwater,  and  what  is  the  nature  of  the  deposits  formed  by 
these  organisms? 

26.  State  what  you  know  about  variable  stars. 

27.  State  what  vou  know  concerning  the  mode  of  formation  of  different 
kinds  of  volcanic  cones. 

28.  Describe  the  various  forms  of  Nebulae. 


Honours  Examination. 

Instructions. 


You  are  permitted  to  attempt  cXly  or  any,  of  the  questions. 
The  value  attached  to  each  question  is  the  same. 


41.  Give  an  account  of  the  phenomena  observed  on  the  solar  sorfiaoe 
during  a  sun-spot  period. 

42.  Describe  a  magnetic  observatory. 

43.  Give  an  account  of  the  metallic  meteorites.    What  terrestrial  rodu 
exhibit  any  resemblance  to  them? 
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44.  Describe  the  chancters  of  the  cyclonic  and  anti-cyclonic  movements 
of  the  atmosphere^  north  and  south  of  the  Equator  respectively. 

45.  Give  an  account  of  the  results  which  have  been  obtained  by  recent 
researches  in  connection  with  cne  of  the  following  subjects : — 

(a)  The  spectra  of  stars  and  nebulae. 
(6)  The  origin  of  serpentines. 


SUBJECT  XXIV.  PRmcrPLESOFAaRICULTUBE. 

ExAMiNBRs,  PROFESSOR  HENRY  TANNER,  M.R.A.C.,  F.C.S., 
AND  PROFESSOR  JOHN  WRIGHTSON,  M.R.A.C.,  F.C.S. 


General  Instructions. 
If  the  rnles  are  not  attended  to,  the  paper  will  be  cancelled. 

You  may  take  the  Elementary,  or  the  Advanced,  or  the  Honours 
paper,  but  you  must  confine  yourself  to  one  of  them. 

Put  the  number  of  the  question  before  your  answer. 

You  are  to  confine  your  answers  strictly  to  the  questions  proposed. 

Your  name  is  not  given  to  the  Examiners,  and  you  are  forbidden  to 
write  to  them  about  your  answers. 

The  examination  in  this  subject  lasts  for  three  hours. 


Tint  Stage  or  Elementary  Eiramination. 

Instructions. 

you  are  permitted  to  attempt  only  eight  questions. 
Each  question  admits  of  an  answer  carrying  an  equal  number  of 
marks. 


1.  What  are  the  ashes  of  plants,  and  why  do  they  difEer  in  composition  p 

2  Mention  any  inorganic  matter  which  is  found  in  soils,  and  is  useful 
'  for  vegetation,  but  which  is  very  rarely  received  into  the  plant. 

Explain  its  duties. 

3  Distinguish  between  the  dormant  and  active  ingredients  of  the  soil, 
and  show  by  what  means  they  change  from  the  one  condition  to  the 

other. 


Digitized  by  VjOOQIC 


126  XXIV — PRINCIPLES   OF  AGRICULTUBE. 

4.  What  do  ^ou  underttand  by  a  soil  bein|^  exhausted,  and  how  does 
this  condition  arise  P 

5.  Can  you  explain  how  it  is  that  a  soil  may  contain  large  stores  of 
plant  food,  and  yet  such  a  soil  may  not  be  fertile  P 

6.  Describe  the  advantages  to  be  gained  by  fermenting  fiurm-yard 
manure,  and  show  how  this  fermentation  can  be  most  safely  carried 
out. 

7.  Why  an  phosphates  more  generally  necessary  as  manure  than  any 
other  purchased  manure  ? 

8.  In  what  forms  do  we  use  lime  as  a  manure,  and  what  aie  the 
special  advantages  of  each  P 

9.  What  advantages  are  gained  by  land  being  properly  drained? 

10.  How  is  it  that  an  active  cultivation  of  the  soil  enriches  the  land, 
and  thus  becomes  a  substitute  for  manure  P 

11.  Describe  the  various  constituents  of  food,  and  explain  the  duties 
they  perform  in  the  animal  body. 

12.  What  do  you  understand  by  a  rotation  of  crops,  and  how  should 
such  rotations  be  arranged  P 


Second  Stage  or  Advanced  Bzamination. 

Instructions. 

Read  the  General  Instructions  at  the  head  of  the  Elementary  paper. 
You  sre  permitted  to  attempt  only  six  questions. 
Each  question  admits  of  an  answer  carrying  an  equal  number  of 
marks. 

21.  Name  crops  specially  adapted  for  the  following  purposes :-» 

(1)  Summer  feeding  upon  clay  land  by  sheep. 

(2)  Winter  feeding  upon  light  land  by  sheep. 

(3)  Catch  cropping. 

22.  Supply  four  characteristic  examples  showing  that  cultivated  plants 
seait^  for  their  food  in  different  sections  of  the  ground. 

23.  At  what  stage  of  its  growth  does  a  wheat  crop  cease  to  make  further 
calls  for  pluit  food  upon  the  soil  ? 

24.  Explain  the  fact  that  the  clover  crop  is  a  good  preparation  for  the 
succeeding  wheat  crop. 

25.  Under  what  conditions  of  soil,  climate,  and  management  would  you 
expect  to  produce  a  first  rate  sample  of  malting  barley  ? 

26.  Recommend  suitable  kinds  and  quantities  of  food  for  a  lattin 
bullock,  in  the  Qarly,  middle,  and  later  periods  of  the  fattening 
urocess.    Also  say  how  many  times,  and  at  what  hours,  he  should 
DC  fed  in  the  day. 

27.  In  what  sense  do  certain  special  manures  tend  to  exhaust  a  soil ; 
and  how  may  such  tendency  be  prevented  by  good  farming? 
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28.  Under  what  circumstances  is  the  best  farmyard  manure  prod  need  P 

In  answering  this  question  you  are  not  to  enter  upon  the  after- 
treatment,  or  management  in  the  heap. 

29.  Enumerate  the  advantages  of  autumn  cultivation  for  roots,  and 
state  upon  what  soils  they  are  most  apparent. 

30.  Name  and  briefly  describe  the  best  method  of  separating  cream  from 
milk. 

31.  Describe  the  various  steps  in  the  process  of  making  Cheddar  cheese. 

32.  Describe  the  feeding  of  bees  during  winter. 

33.  How  would  you  ascertain  whether  eggs  are  fertile,  and  whether  the 
germ  is,  and  continues  to  be,  alive  ? 


Honours  Examination. 

Instructions. 


Read  the  General  Instructions  at  the  head  of  the  Elementaiy  paper. 

You  are  not  to  attempt  more  than  six  questions  in  this  paper. 

Each  question  admits  of  an  answer  carrying  an  equal  number  of 
marks. 


(a)  In  1 
(ft)  Ini 


41 .  From  what  sources  have  the  various  constituents  found  in  our  culti- 
vated crops  been  derived,  and  how  have  they  gained  admission 
into  these  plants  ? 

42.  Describe  the  changes  which  nitrogenous  matter  undergoes  in  the 

soil. 

43.  Describe  the  circumstances  and  conditions  which  favour  the  growth 
of  farm  seeds  possessing  a  healthy  and  vigorous  character. 

44.  Select  one  of  our  established  breeds  either  of  cattle  or  sheep,  and 
show  the  leading  principles  which  are  involved — 

In  the  establishment  of  that  breed, 
L  its  maintenance  in  high  quality. 

45.  Trace  the  changes  which  food  undergoes  in  the  body  of  the  animal, 
and  show  how  it  is  utilised  for  the  growth  of  the  body. 

46.  Describe  the  changes  which  take  place  in  our  root  crops  during 
their  ripening,  and  notice  the  differences  observable  in  their  use  as 
they  are  more  or  less  matured. 

47.  Point  out  the  essential  conditions  involved  in  the  good  management 
of  a  flock  of  sheep,  early  maturity  of  mutton,  and  a  good  fleece 
being  desired. 

48.  Describe  the  formation  of  milk,  and  state  the  means  whereby  the 
flow  may  be  made  more  or  less  abundant,  as  well  as  more  or  less 
rich  in  quality. 

49.  How  should  milk  be  treated  in  the  dairy,  when  it  is  to  be  used  for 
the  production  of  butter?  Mention  a  few  matters  which  are  im- 
portant in  a  well-constructed  dairy. 
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50.  How  does  the  biesfclunff  of  impure  air  in  badly  ventilated  buildinijs 
influence  the  milk  produced,  and  the  products  manttfiactured  from 
that  milk  P 

51.  Gire  an  outline  of  the  economy  of  the  bee-hive,  tracing  the  pxvigrea 
of  the  bee  from  its  origin  in  the  egg.  State  also  the  functions  of 
queens  and  workers. 

52.  Describe  the  structure  of  an  egg,  and  show  the  changes  which  it 
undeigoes  during  incubation,  and  the  means  whereby  we  csn 
favour  healthy  development. 


SUBJECT  XXV.    HTGIENE. 

Examiner,  Profkssor  W.  H.  CORFIELD,  M.A.,  M.D.  (Oxok). 


Genrral  Instructions. 
If  the  rules  are  not  attended  to,  the  paper  will  be  canoelled. 

You  may  take  the  Elementary,  or  the  Advanced,  or  the  Honours 
paper,  but  you  must  confine  yourself  to  one  of  them. 

Put  the  nmnber  of  the  question  before  your  answer. 

You  are  to  confine  your  answers  strictly  to  the  questions  proposed. 

Your  name  is  not  given  to  the  Examiner,  and  you  are  forbidden  to 
write  to  him  about  your  answers. 

The  examination  in  this  mbfeet  Uutsfor  three  hours. 


First  Stage  or  Elementary  Sjuuninatioiu 

Instructions. 

You  are  permitted  to  attempt  only  eight  questions. 
The  same  value  is  attached  to  each  question. 


1.  What  are  the  most  important  food  substances  containing  nitrogen, 
and  how  are  they  disposed  of  in  the  system? 

2.  What  are  the  advantages  of  cookiDg  by  gas?    What  conditions 
should  a  gas-cooking  oven  fulfil  ? 

3.  What  do  we  mean  by  "  hard  "  and  "  soft "  water  ?    Which  is  better 
for  domestic  purposes,  and  why  p 

4.  What  is  meant  by  "  fermented  drinks  '7    State  the  value  of  alcohol 
as  a  food  substance. 

.5.  How  is  the  water  of  shallow  wells   liable  to  pollution?    What 
diseases  have  been  produced  by  the  use  of  such  waters? 

6.  What  is  the  composition  of  the  air?    What  are  the  variations  in 
the  amount  of  carbonic  acid  in  pure  air  7 
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7*  What  is  the  composition  of  expired  air»  and  why  is  it  unfit  to 
breathe  again  ? 

8.  What  are  the  forces  which  produce  natural  ventilation?    How 
may  the  action  of  the  wind  be  practically  utilised  ? 

9.  Describe  the  appearances  of  wool,  cotton,  and  silk  fibres,  and  state 
the  advantages  of  each  as  a  material  for  clothing. 

10.  How  does  height  above  the  sea  affect  the  climate  of  a  place  P 

11.  What  are  the  effects  of  bodily  exercise  on  the  respiration^  circula- 
tion, and  digestive  apparatus  P 

12.  How  would  you  detect  and  arrest  bleeding  from  an  artery  P 


Second  Stage  or  Advanced  Examination* 

Instructions. 
Read  the  General  Instructions  at  the  head  of  the  Elementary  paper. 
You  are  permitted  to  attempt  only  five  questions. 
The  same  value  is  attached  to  each  question. 

21.  What  are  the  most  common  adulterations  of  bread  ?    How  are  they 
detected,  and  what  is  the  importance  of  each  ? 

22.  How  much  lean  beef,  bread,  butter,  and  water  would  be  sufficient 
for  an  ordinaiy  diet  P 

23.  What  impurities  are  most  likely  to  be  found  in  aerated  waters,  and 
what  is  tneir  importance  ? 

24.  Describe  the  construction  and  action  of  an  arrangement  for  filtering 
water  on  a  large  scale. 

25.  What  are  the  best  known  methods  for  collecting  and  examining 
suspended  substances  in  air  P 

26.  What  points  should  be  attended  to  in  the  construction  of  a  house- 

drain? 

27*  What  is  the  importance  of  a  diy  basement  floor,  and  how  should  it 
be  secured? 

28.  What  conditions  favour  the  development  of  consumption,   and 
what  precautions  should  be  taken  for  its  prevention  P 


Honours  Examination. 

Instructions. 


Read  the  General  Instructions  at  the  head  of  the  Elementaiy  paper. 
^  You  are  permitted  to  attempt  ooljfour  questions. 
The  same  value  is  attached  to  each  question. 


41.  What  are  the  methods  for  determining  the  amount  of  moisture  in 
the  air  P  How  is  that  amount  expressed  ?  What  is  the  importance 
of  it? 
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42.  What  are  the  conditions  which  favour  the  spread  of  enteric  few? 

Discuss  the  question  of  the  de  nooo  orij^n  of  this  disease. 

43.  Upon  what  principle  does  the  Dry  £arth  System  for  the  treatnaent 
01  ezcretal  matters  depend?  Under  what  circumstances  is  its 
adoption  to  he  recommended  P 

44.  Describe  the  processes  adopted  by  an  artificial  manure  maker,  or  by 
a  soap-boiler.  State  the  nuisances  liable  to  be  produced  in  ettiier 
Case,  and  the  precautions  you  would  adopt. 

45.  How  should  the  death-rate  of  a  town  be  calculated  for  the  present 
year  P  How  far  arc  death-rates  useful  as  indications  of  the  healthi- 
ness of  places  P  The  death-rate  of  England  was  20  per  thbosand 
per  annum  in  1884 ;  state  approzimatelT  how  the  Yarious  classes 
of  diseases  contributed  to  form  that  number. 

46.  For  what  purposes  have  Local  Authorities  powers  under  the  Pablic 
Health  Act  to  make  bye-laws  for  houses  let  in Jodgings  P  Frame  a 
code  of  such  bye-laws. 
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8XTBJEGT  I.    FBAGTIGAL  PLANE  AND  SOLID 
GEOMETKT. 

Examiners,  MAJOR  G.  S.  CLARKE,  C.M.G.,  R.B.,  and 
T.  H.  EAGLES,  Esq.,  M.A. 


General  Instructions. 
If  the  rnles  are  not  attended  to,  the  paper  will  b6  cancelled. 

Yon  may  take  the  Elementary,  or  the  Advanoed,  or  the 
Hononra  paper,  bnt  70a  mnst  confine  yourself  to  one  of  them. 

All  figures  must  be  drawn  on  the  single  sheet  of  paper  sup- 
plied, for  no  second  sheet  will  be  allowed. 

The  constructions  may  be  left  in  pencil,  proyided  they  are 
distinct  and  neat,  and  that  the  construction  lines  are  shown. 
They  must  be  strictly  geometrical  and  not  the  result  of  calcula- 
tion or  trial.  In  the  absence  of  those  lines  which  are  essential 
to  a  correct  solution  no  marks  will  be  awarded,  however  correct 
the  result  may  appear. 

Lines  parallel  or  perpendicular  to  others  may  be  drawn 
mechanically  without  showing  any  construction.  Lines  may  be 
bisected  by  trial. 

A  single  accent  (')  signifies /ee^  ;  a  double  accent  (")  inches. 

Put  the  number  of  the  question  before  your  answer. 

You  are  to  confine  your  answers  strictly  to  the  queetions 
proposed. 

Questions  marked  (*)  have  accompanying  diagrams. 

Your  name  is  not  g^yen  to  the  Examiners,  and  you  are  for* 
bidden  to  write  to  them  about  your  answers. 

The  examination  in  this  subject  lasts  for  four  hours* 


(3867)  A  ^ 

X  Digitized  by  VjOOQ  iC 


L— PRACTICAL  PLANE  AND  SOLID  QEOMETRT. 

First  Stage  or  Elementary  Examination. 

Instbcctiohs. 
Bead  the  (General  Insinictiona  above. 


Only  eight  questions  are  to  be  attempted. 

Candidates  for  examination  in  Geometrical  Drawing  onlj 
may  confine  themselves  to  Section  I. 

Candidates  for  examination  in  the  Elementary  Stage  of 
Practical,  Plane,  and  Solid  Geometry,  must  not  attempt  more 
than  two  questions  in  Plane  Geometry. 

Section  I. 

Plane  Oeometry. 

*1 .  Convert  the  given  scale  into  a  diagonal  scale  reading  inches. 
State  the  representative  fraction  of  this  scale.         (8.) 

2.  Constmct  a  scale  of  chords  on  a  radias  of  4*25"  to  read  to  5°. 
By  means  of  this  scale,  plot  an  angle  of  75°.  (8.) 

*3.  Prick  off  the  figure  as  given  in  Q.  7,  and  constmct  a 
similar  figure,  whose  sides  are  to  those  of  the  g^ven 
figure  as  7  :  3.  (8.) 

*4.  a  (  c  is  a  given  triangle.  Construct  an  isosceles  triangle  of 
equal  area  standing  on  d  e  as  base.  (10.) 

•5.  Describe  a  circle  of  1*25''  diameter  touching  each  pair  of 
adjacent  lines  oa^  oh,  oc,  od,  produced  if  necessary. 
Describe  two  circles  touching  the  three  circles.      (10.) 

*6.  The  given  figure  is  made  up  of  circular  arcs  all  of  I" 
radius.     Draw  it  full  size.  (10.) 

*7.  Construct  a  six-sided  polygon  ahcdef,  such  that  ef  = 
?L1=  3  .  afi  de=ad  and  ah=^.b  c.  The  rest  of 
the  data  are  given  on  the  figure. 

Scale  i"  =  lO'O".  (10.) 

8.  Construct  a  rhombus,  side  2^",  diagonal  4^".      In  this 

rhombus  inscribe  an  ellipse.  (12.) 

Solid  Oeometry, 

9.  A  pentagonal  right  prism,  side  of  base  I'S",  height  1",  rests 

on  a  horizontal  plane.  On  it  is  placed  a  right  cone, 
whose  base  circle  touches  the  sides  of  the  top  of  the 
prism.  The  height  of  the  cone  is  2'\  Draw  the  plan 
and  an  elevation  on  a  plane  making  40*^  with  one  side  of 
ihe  base  of  the  prism.  (1-4-) 


Digitized  by  VjOOQIC 


L— PRACTICAL  PLANE  AND  SOLID  GEOMETRY.  5 

Section  II. 

10.  A  point  is  2"  from  the  vertical  and  1*75"  from  the  hori- 
zontal plane.  Determine  a  point  on  the  ground  line 
distant  3'25"  from  this  point.  (10.) 

*11.  A  is  a  point  in  the  vertical  plane;  B  a  point  in  the  hori- 
zontal plane.  Draw  the  plan  and  elevation  of  the  line 
AB.  (10.) 

*12.  c  is  the  elevation  of  a  point  on  the  given  line  a'  h'j  ah;  d 
is  the  plan  of  another  point  on  the  same  line.  Determine 
the  real  length  of  the  line  C  D.  (12.) 

13.  Construct  an  equilateral  triangle  of  2 J"  side.      Consider 

the  triangle  to  be  the  plan  of  a  triangle  ABC,  such  that 
the  heights  of  the  angles  A,  B,  C,  above  the  horizontal 
plane  are  f",  1^",  and  1^''  respectively.  Draw  the  plan 
of  a  horizontal  line  lying  in  the  plane  of  the  triangle  and 
passing  through  C.  (12.) 

14.  Draw  the  traces   of  two   planes  not  at  right  angles  to 

either  plane  of  projection,  and  determine  the  angle 
which  the  intersection  of  these  two  planes  makes  with 
the  vertical  plane  of  projection.  (12-) 

15.  The  horizontal  trace  of  a   vertical  plane  makes  42*"  with 

the  ground  line.  Determine  the  elevation  of  a  line  lying 
in  this  plane,  inclined  at  30°,  and  passing  through  the 
point  where  the  given  plane  cuts  the  ground  line.  (12.) 

'^16.  The  given  figure  represents  a  picture  frame.  The  plane  of 
the  picture  is  inclined  at  55**  and  the  long  edges  of  the 
frame  are  horizontal.  Draw  the  plan,  neglecting  the 
thickness.  (14-) 

17.  A  hexagonal  right  pyramid,  side  of  base  1^",  height  3^", 
stands  on  the  hoiizontal  plane.  It  is  truncated  by  a 
plane  parallel  to  and  If  from  its  base.  Suppose  this 
truncated  pyramid  to  be  tipped  about  an  edge  of  the 
base  till  the  plane  of  one  of  the  six  side  faces  is  hori- 
zontal.    Draw  the  plan.  (16-) 

*18.  The  given  figure  represents  the  end  view  and  part  of  the  plan 
of  an  open  box  made  of  wood  -jL."  thick.  Complete  the 
plan  and  make  a  sectional  elevation  on  the  line  A  B. 

(18.) 

Graphic  Arithmetic, 
19.  A  line  2*6"  long  represents  4i^  units.     Obtain  lines  repre- 
senting 13  ;  Y.  ^^  2v/6^  (10.) 
*20.  If  the  g^ven  line  A  represents  the  unit,  what  numbers  do 
the  lines  B,  C,  and  D  severally  represent  P     Determine 

also  a  line  representing  ^ =r.  ^22  ^ 
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Second  Stage  or  Advanced  Examination. 

IxSTBUCnOKB. 

Bead  the  General  Inatractions  at  the  head  of  the  Elementary 
Paper. 

Only  eight  qnestioua  are  to  be  attempted. 

Plane  Oeameiry* 

*21.  CD,  C  P  are  conjugate  semi-azee  of  an  ellipse.  PM  is 
drawn  perpendicular  to  G  D,  and  P  N  (on  P  M  or  M  P 
produced)  is  made  equal  to  C  D.  Show  by  construction 
that  if  the  line  M  N  slides  between  the  lines  G  K  and 
G  D,  the  point  P  on  it  will  trace  out  the  ellipse.  (16.) 

*22.  Draw  through  the  given  point  A  two  lines  containing  an 
angle  of  30^  and  intercepting  a  length  of  2"  on  ihe 
given  line  BG.  (18). 

*23.  Points  P  and  Q  are  constrained  to  move  uniformly  along 
the  given  lines  a  h  and  cd.  While  P  moves  from  0  to  a 
and  back  again,  Q  moves  from  cto  d,  and  while  P  moves 
from  0  to  5  and  back  again,  Q  moves  from  dtoe.  Trace 
the  locus  of  a  point  on  Q  P  produced  2f "  distant  from  Q> 

(18.) 
Solid  Oeometry. 

24.  The  vertical  trace  of  a  plane  makes  40°  with  the  ground 
line,  and  the  plane  is  inclined  at  50^  to  the  horisontal 
plane.  Draw  its  horizontal  trace.  Determine  the  point 
(P)  in  the  plane  1"  in  front  of  the  vertical  plane  and 
1^''  above  the  horizontal  plane,  and  through  P  draw  a 
line  in  the  plane  making  equal  angles  with  its  traces. 

(20.) 
*2&,  Find  the  intersection  of  the  given  plaaie  and  line  A  B,  and 
through  it  draw  a  second  line  making  die  same  angle 
with  the  plane  as  the  first,  and  lying  in  the  vertical 
plane  containing  A  B.  (20.) 

*26.  A  solid  (the  plan  and  elevation  of  which  are  given)  is 
made  up  of  two  exactly  equal  parallel  crosses  connected 
by  the  curved  pieces  seen  in  plan  fixed  to  the  horizontal 
arms.  Draw  its  plan  when  it  is  rotated  round  the  line 
K  L,  so  that  the  line  M  N  is  also  in  the  horizontal  plane. 

(24.) 

*27.  The  base  of  a  right  circular  cone  is  in  the  given  plane,  and 
6  is  the  plan  of  its  centre.  The  slant  side  of  the  cone  is 
in  the  horizontal  plane.     Draw  its  plan.  (2^0 

28.  Two  points  are  respectively  1*5''  and  0*75"  from  botii' 
planes  of  projection.  Their  plans  are  2'25"  apart, 
betermine  a  point  on  the  ground  line  equidistant  from 
both  points.  (24.) 
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29.  A  sphere  of  2^"  diameter  touches  both  planes  of  projection. 
A  second  sphere,  diameter  If",  toaches  the  first  sphere, 
and  has  its  centre  on  the  ground  line.  Draw  the  pro- 
jections of  the  two  spheres.  (28.) 

*30.  The  figure  is  the  elevation  of  a  truncated  hexagonal 
pyramid.  Draw  the  plan  of  this  solid  invert-ed,  so  that 
the  plane  of  truncation  is  on  the  horizontal  plane  of 
projection.  (26.) 

31.  A  line  3''  lon^  moves  at  a  uniform  speed  round  a  vertical 
axis,  by  which  it  is  bisected  and  to  which  it  is  always  at 
right  angles.  At  the  same  time  it  moves  along  the  axis 
a  distance  of  If"  for  every  complete  revolution,  thus 
generating  a  helical  surface.  Make  a  section  of  this  sur- 
face by  a  parallel  plane  to  and  f"  fttim  the  fixed  axis,  the 
section  to  show  two  revolutions  of  the  surface.     (28.) 

•32.  Suppose  that,  in  the  given  figure  Q.  26,  the  curved  pieces 
connecting  the  two  crosses  are  replaced  by  a  piece, 
square  in  section,  and  having  a'  b'  c'  d'  as  its  elevation. 
Determine  the  shadow  of  the  solid  thrown  upon  the 
horizontal  plane,  the  direction  of  the  parallel  rays  of 
light  being  given  in  plan  and  elevation.  (28.) 

Qraphic  StaHes. 

•33.  A  uniform  rod  A  B,  weighing  53  lb.,  is  pivoted  at  A.  If 
a  force  P  of  32  lb.  is  applied  at  e,  where  must  a  parallel 
force  of  41  lb.  be  applied  to  maintain  equilibrium  ? 

(18.) 

•84.  Resolve  the  given  force  P  (=  240  lb.)  along  the  given 
lines  aa,hb.  Write  down  the  magnitudes  of  the  resolved 
components  and  indicate  their  directions  by  arrows. 

(20.) 


Honours  Examination. 

Instructions. 

Bead  the  (General  Instructions  at  the  head  of  the  Elemen- 
Paper. 

eight  questions  are  to  be  attempted. 


UttjPa 
Only 


Plane  Qeometry. 

41.  Draw  a  square  A  B  C  D  of  2"  side  (the  angular  points 
being  taken  in  order),  and  through  G  draw  a  line 
meeting  A  B  in  P  and  D  A  produced  in  Q,  so  that  the 
area  of  the  triangle  P  A  Q  shall  be  double  that  of  the 
triangle  PBC.  (36.) 
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42.  A  line  A  B  is  3}"  long.     Draw  the  locus  of  the  vertex  of 

the  triangle  described  on  it  as  base,  the  sides  of  which 
are  in  a  given  ratio  (7 :  15).  (35.) 

43.  A  and  B,  two  given  points,  are  2"  apart.     A  line  is  drawn 

throngh  each,  and  these  lines  are  tnmed  round  A  and  B 
with  equal  angular  velocities.  Draw  the  locus  of  their 
intersections — 

1st.  When  they  revolve  in  the  same  direction. 

2nd.         „  „  „        opposite     „ 

The  initial  position  of  lines  to  be  taken,  one  coinciding 
with  A  B  and  the  other  perpendicular  to  it.  (35.) 

Solid  Geometry, 

*44.  A,  B,  G,  D  are  four  given  points.  Find  the  point  in  AD 
at  which  the  segments  A  B,  A  C,  subtend  equal  angles. 
Unit  01".  (45.) 

*45.  Determine  a  plane  inclined  at  65**,  making  70°  with  the 
given  plane  and  V'  distant  from  the  given  poinU 
Unit  01".  (40.) 

•46.  A  bar  A  B  is  suspended  from  two  points  0,  D,  bjtwo  equal 
strings,  AC,  B  D,  and  is  turned  horizontally  through 
two  right  angles  so  that  it  comes  into  the  position  shown 
by  dotted  lines  on  the  elevation.  Draw  the  elevation  of 
the  locus  of  the  ends  of  the  bar  and  make  a  section  on 
the  line  L  M  of  the  surface  it  generates.  (45.) 

*47.  A  plane  is  given  by  its  scale  of  slope,  a  m  is  the  plan  of  a 
line  in  the  plane  and  P  an  external  point.  Draw  through 
A  M  a  plane,  making  equal  angles  with  the  given  plime 
and  with  the  line  PM.  Unit  U.l".  (N.B.— M  is  a 
definite  point  on  the  line  AM.)  (^0.) 

48.  A  bead  slides  uniformly  down  a  generator  of  a  right 
circular  cone  (radius  of  base  1^'',  height  3^"),  starting 
from   the   vertex    and    reaching    the    base,   while  ihe  | 

generator  traverses  the  conical  surface  one  and  a-half 
times.     Draw  the  developed  locus  of  the  bead.      (45.) 

•49.  A  screw  surface  is  generated  by  the  revolution  of  the 
vertical  semicircle  ACB  round  the  vertical  circular 
cylinder,  the  diameter  of  which  is  A  D.  It  rises  from 
the  position  a'  c'  V  to  a\  c\  h\  in  one  revolution.  Draw 
the  elevation  of  the  surface.  (^0.) 

*50.  A  space  {ahcdvoi  plan)  is  to  be  covered  in  by  a  suifaoe 
generated  by  a  straight  line  which  always  intersects  the 
semicircle  A  E  B,  the  line  C  D,  and  a  line  the  elevation 
of  which  is  point  /'.  Draw  the  plan  and  elevation  of 
the  generator  in  at  least  eight  positions,  and  determine 
the  section  of  the  surface  by  the  vertical  plane  throngh 
L  M.     (Draw  the  figure  double  the  size  of  the  diagram.} 

(60.) 


I 
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*51.  A  paraboloid  of  revolution  (given  by  its  elevation  and 
plan  of  its  axis)  intersects  an  obliqne  cylinder,  the  axis 
(0  M)  of  wbicb  is  given,  as  also  the  plan  of  its  base. 
Determine  the  projections  of  the  intersection.  (It  will 
be  seen  that  tbe  axis  of  cylinder  is  parallel  to  planes  of 
circalar  section  of  the  paraboloid.)  (^^O 

*52.  k  rectangular  panel,  with  diagonals  and  sphere  at  their 
intersection,  is  inclined  as  shown.  Determine  the  shadow 
cast  on  the  horizontal  plane  by  rays  proceeding  from  a 
point  of  which  s  is  the  plan,  and  the  height  of  which 
above  the  horizontal  plane  is  4^".  ('^^0 

*53.  Make  a  perspective  view  of  the  panel  (Question  52)  when 
standing  vertical,  with  picture  plane  and  station  point 
as  shown,  the  horizontal  line  being  3|"  above  bottom  of 
panel.  (55.) 

Graphic  Statics. 

*54.  Tbe  given  figure  (two  circular  qaadrants)  is  the  elevation 
of  a  flat  disc  of  uniform  thickness.  Determine  the  point 
on  the  curved  surface  on  which  the  solid  would  rest  on  a 
horizontal  plane.  (^5.) 

*55.  The  given  roof  truss  is  loaded  as  shown.  The  reaction  at 
A  is  vertical.  Determine  and  write  down  its  magnitude 
and  the  direction  and  magnitude  of  the  reaction  at  B. 

(45.) 


SUBJECT  n.    MACHINE  CONSTBUCTION  AND 
DRAWING. 

ExAMiwEBS,  Pbop.  T.  A.  HE  ARSON,  M.  Inst.  C.E.,  and 
J.  HARRISON,  Esq.,  M.  Inst.  M.E.,  Assoc.  M.  Inst.  C.E 


Oeneral  Instructions. 
If  the  rules  are  not  attended  to,  the  paper  will  be  cancelled. 

You  may  take  the  Elementary,  or  the  Advanced,  or  the 
Honours  paper,  but  you  mast  'Confine  yourself  to  one  of  them. 

Put  the  number  of  the  question  before  your  answer. 

You  are  expected  to  prove  your  knowledge  of  machinery,  as 
well  as  your  power  of  drawing  neatly  to  scale.  You  are  there- 
fore to  supply  details  omitted  in  the  sketches,  to  fill  in  parts  left 
incoraplete,  and  to  indicate,  by  diagronal  lines,  parts  cut  by  planes 
of  section. 
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No  credit  will  be  given  unless  some  knowledge  of  projection 
is  shown,  so  that  at  least  two  views  of  one  of  the  examples  will 
be  required  properly  projected  one  from  the  other.  The  centre 
lines  should  be  clearly  drawn.  The  figured  dimensions  need 
not  be  inserted. 

Your  answers  should  be  clearly  and  cleanly  drawn  in  pencil. 
No  extra  marks  will  be  allowed  for  inking  in. 

All  figures  must  be  drawn  on  the  single  sheet  of  paper 
supplied,  for  no  second  sheet  will  be  allowed. 

The  value  attached  to  each  question  is  shown  in  brackets 
after  the  question.  A  full  and  correct  answer  to  an  easy  question 
will  secure  a  larger  number  of  marks  than  an  incomplete  or 
inexact  answer  to  a  more  difficult  one. 

Your  name  is  not  given  to  the  Examiners,  and  you  are 
forbidden  to  write  to  them  about  your  answers. 

You  are  to  confine  your  answers  strictly  to  the  questiona 


A  single  accent  (')  signifies /e«^;  a  double  accent  (")  inches. 
The  examinaUon  in  this  subject  huts  for  four  hours. 


First  Stage  or  Elementary  Examination. 

iNSTBUOnONS. 

Bead  the  General  Instructions  on  p.  1. 
Answer  briefly  any  three,  but  not  more  than  three,  of  the 
following  questions,  and  draw  two,  but  not  more  than  two,  of 


the  examples. 


Questions, 

(a.)  How  is  the  joint  shown  in  example  1  made  water-tight  ? 
How  are  the  bolts  prevented  from  turning  in  the  bolt-holes 
when  screwing  up  the  nuts  ?  (6.) 

(&.)  When  the  eccentric  strap  shown  in  example  2  becomes  loose 
by  wear,  how  is  it  adjusted  ?  What  is  the  travel  of  the 
slide  valve,  the  spiudle  of  which  is  connected  directly  to  the 
end  of  the  eccentric  rod  ?  (6.) 

(c.)  What  is  the  use  of  the  water-gauge  cock  shown  in 
example  3  ?     State  exactly  where  it  is  placed  on  the  boiler. 

(6.) 

(i.)  Give  sketches  showing  how  a  piston  rod  is  secured  to  a 
piston.  (10.) 

{e.)  Show  by  sketches  how  you  would  secure  a  piece  of  work  to 
the  table  of  a  slotting  machine.  (^0.) 

(/.)  Distinguish  between  a  key  and  a  cotter.  Draw  an  example 
of  each,  stating  the  purpose  for  which  each  is  employed. 

flO.) 
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Examples  to  he  Drawn. 
Diagram  D. 

1.  Hydraulic  pipe  joint  for  liigh  pressares.     Draw  and  com- 

plete the  two  yiews  shown  and  add  a  plan.    Scale  half  size. 

(30.) 

2.  Eccentric  and  rod.    Draw  and  complete  the  elevation  shown 

and  add  a  plan.     Draw  also  a  section  of  the  strap  and  rim 
.through  AB.     Scale  fths.  (35.) 

3.  Water  gauge  cock  for  steam  boiler.     Draw  and  complete 

the  views  shown,  also  add  a  plan.     Scale  fnll  size. 

(36.) 


Second  Stage  or  Advanced  Bzamination. 

Instructions. 
Bead  the  General  Instructions  above. 

Answer  briefly  any  three,  but  not  more  than  three,  of  the 
following  questions,  and  draw  the  example  given. 


(g.)  What  should  be  the  lift  of  each  of  the  valves  of  the  pump 
shown  in  diagram  E,  so  that  the  sectional  area  of  the  water 
passages  may  not  be  restricted  P  Of  what  materials  should 
the  several  parts  of  the  pump  be  made  ?  (1^0 

(4.)  Sketch  and  describe  a  simple  form  of  slide  rest  for  a  lathe. 

(15) 

(k,)  A  water  tank  with  flat  sides  is  to  be  built  up  of  cast-iron 
flanged  plates.  Show  clearly  how  you  would  construct  a 
joint  at  one  of  the  lower  corners,  where  three  plates  meet, 
8o  as  to  ensure  water  tightness.  (1^0 

(I.)  Give  sketches  showing  how  friction  rollers  are  used  to 
support  a  heavy  rotating  mass.  Explain  why  the  rollers 
should  be  coned,  and  in  your  sketch  show  the  amount  of 
coning  necessary.  (20.) 

(m.)  Sketch  the  profiles  of  the  various  forms  of  screw  threads 
commonly  employed  in  machinery,  giving  the  proportions 
adopted.  Point  out  the  relative  merits  of  the  various  forms, 
illustrating  your  answer  with  an  example  of  the  use  of  each. 

(20.) 

(n.)  Show  by  sketches  a  comer  wall  bracket  to  carry  the 
pedestals  of  two  horizontal  shafts.  The  shafts  are  to  be 
at  right  angles  to  one  another  and  connected  by  bevel  wheels^ 
Show  the  shafts  and  wheels  in  position.  (20.) 
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Example  to  he  Drawn. 
Diagram  E. 
Double-acting  pnmp.  Draw  and  complete  the  eloTation, 
partly  in  section  as  shown,  the  valves  and  piston  being  placed  in 
position,  and  'not  drawn  separately  as  in  the  diagram.  jComplete 
the  sectional  plan  and  draw  also  a  side  elevation  with  the  valve 
box  cover  remibved.     Show  bolts  or  studs  where  required. 

040.) 

HononrB  ExaTninatJon. 

Instructions. 

Read  the  General  Instructions  on  p.  1. 

You  are  permitted  to  answer  only  eight  of  the  following 
questions. 

The  sketches  required  in  answer  to  these  questions  may  be  in 
pencil,  and  need  not  be  drawn  to  scale,  but  should  be  neat  and 
in  good  proportion.  The  written  answers  must  be  in  ink,  and 
may  be  written  on  foolscap  paper,  which  can  be  obtained  on 
application  to  the  superintendents  of  the  examination.  Each 
sketch  should  be  placed  adjoining  the  answer  to  which  it 
refers. 


41.  In  making  a  flanged  joint  fluid  tight  by  means  of  bolts  and 
nuts,  what  considerations  should  be  taken  into  account  in 
estimating  the  size,  number  and  strength  of  the  bolts  to  be 
used  P 

Calculat'e  the  diameter  and  number  of  bolts  you  would 
use  under  the  following  circumstances : — The  intensity  of 
the  fluid  pressure  is  100  lbs.  per  square  inch,  the  total 
amount  of  the  separating  force  due  to  the  pressure  is  10 
tons,  and  the  length  of  the  flange  measured  along  the  pitch 
line  of  the  bolts  is  6  feet.  (25.) 

42.  Sketch  a  swivelling  crane  suitable  for  raising  weights,  not 
exceeding  5  tons,  by  the  power  of  2  men,  and  give  the 
following  particulars  relating  to  it : — 

Radius  of  winch  handle ; 

Mean  crank  effort  when  5  tons  is  being  raised ; 
Number  of  revolutions  of  winch  handle  per  minute  which 
may  be  expected :  and  speed  of  hoisting.  (25.) 

43.  In  a  length  of  shafting  subjected  to  a  twisting  moment  only, 

explain  why  it  is  important  to  limit  the  angle  of  torsion  of 
one  end  relatively  to  that  of  the  other,  besides  limiting  the 
stress  to  which  the  material  may  be  subjected. 

The  angle  of  torsion  of  a  cylindrical  wrought-iron  shaft 
is  required  not  to  exceed  one  degree  for  each  3  feet  of  length, 
and  the  stress  not  to  be  greater  than  8,000  lbs.  per  squai^ 


Digitized  by  VjOOQIC 


n.— MACHINE  CONSTRUCTION  AND  DRAWING. 


13 


inob.  Determine  the  diameter  of  the  shaft  above  which  the 
2nd  condition,  and  below  which  the  1st  condition  will  fix 
a  limit  to  the  twisting  moment  which  may  be  applied. 

(25.). 
d4.  The  crank  shown  in  Fig.  1  is  acted  on  bj  a  force  applied  at  C  in 
the  central  plane  of  the  crank  at  right  angles  to  OG.  It 
canses  a  bending  moment  on  the  shaft  equal  in  magnitude  to 
one-half  the  twisting  moment  produced.  The  crank  is  secured 
to  the  shaft  by  means  of  a  sunk  key.  Determine  the 
dimensions  marked  a  and  h  in  terms  of  d  in  order  that  the 
crank  arm,  key  and  shaft  may  be  equally  strong,  allowing 
the  stress  on  the  material  to  be  the  same  for  each  part,  of 
d  is  2",  find  the  sizes.  '  (25.) 


46. 


Uive  sketches  of  the  stem-tube  and  bearing  for  supporting 
the  after  length  of  a  screw-propeller  shaft.  Show  how  the 
corrosion  of  this  portion  of  the  shaft  is  prevented ;  how  the 
water  is  prevented  from  leaking  through  the  bearing  into 
the  ship,  and  how  the  heating  of  the  bearing  may  be 
discovered  and  prevented.  Estimate  the  diameter  of  this 
portion  of  the  shaft  for  an  engine  of  4,000  horse-power, 
making  90  revolutions  per  minute.  (^5-) 

Describe  fully,  and  illustrate  with  sketches,  the  preparation 
of  a  mould  for  casting  a  screw  propeller  of  large  size. 

(25.) 
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47.  Give  sketches  showing  how  railway  points  are  moved  with 
precision  by  a  signalman  in  a  distant  cabin.  Point  out 
how  the  effect  of  extension  of  the  length  of  the  connecting 
rods  by  heat  is  eliminated,  friction  diminished,  and  per- 
manent changes  of  length  adjusted.  (25.) 

48.  Oive  sketches  showing  the  constmction  of  a  stop  or  com- 
mnnication  valve  for  one  of  a  set  of  boilers,  the  valve  to  be 
capable  of  closing  automatically  when  the  pressure  in  the 
boiler  is  less  than  in  the  steam  pipe.  Estimate  the  dimen- 
sions of  the  valve  for  a  boiler  of  500  horse-power,  the 
pressure  being  120  lbs.  per  square  inch.  (25.) 

49.  Make    sketches   showing  the  construction  of   a  pressure- 

reducing  valve  capable  of  regulation,  and  explain  its  mode 
of  action.  Mention  some  purposes  for  which  such  a  valve 
is  applied.  (20.) 

50.  Give  sketches  of  the  construction  and  explain  the  action  of 
a  water  or  gas  meter.  (25.) 

51.  With  the  aid  of  sketches  describe  the  construction  of  a 

swivelling  pipe  joint  by  which  water  pressure  may  be 
transmitted  to  a  crane  which  revolves,  or  has  a  limited 
travel.  (20.) 

52.  State  the  object  of  a  brake,  and  point  out  the  advantage 
possessed  by  a  hydraulic  brake  as  compared  with  one  of 
rigid  material.  Describe  and  give  sketches  of  an  example 
of  a  form  of  hydraulic  brake  or  buffer  by  which  a  nearly 
constant  arresting  force  mav  be  obtained,  stating  the  purpose 
for  which  the  brake  is  used.  (25.) 

5t3.  Give  sketches  and  describe  the  action  of  some  kind  of 
instant-grip  bench-vice.  (20.) 

54.  Give  sketches  showing  the  form  of  the  teeth  and  worm  in 
worm-wheel  gearing.  Explain  fully  how  yon  would  prooeed 
to  estimate  the  various  dimensions  of  the  parts  of  such  a 
gearing  required  to  rotate  the  worm-wheel  shaft  against  a 
given  resisting  moment.  (^0 

65.  Explain  how  the  varying  velocity  of  the  reciprocating  parts 
of  a  locomotive  engine  causes  forces  tending  to  displace  the 
engine  from  the  rails,  and  show  how  this  action  may  be  to 
some  extent  balanced.  Give  an  approximate  estimation  of 
the  position  and  magnitude  of  the  balance  weights.  (25.) 

56.  Draw  and  describe  a  diagram  representing  the  straining 
effect  of  a  tensile  load  on  a  bar  of  mild  steel,  the  load  being 
gradually  increased  to  about  three-fourths  the  breaking  load 
and  then  alternately  taken  off  and  put  on  a  few  times. 
Describe  also  some  of  Wohler's  experiments  on  the 
effect  of  unlimited  repetition  of  loads,  and  state  some  of 
the  conclusions  at  which  he  arrived  as  to  safe  ranges  of 
stress.  (25.) 
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SUBJECT  n.    MACHINE  CONSTRUCTION  AND 
DRAWING. 


Honours  Examination.— Work  to  be  done  at  Home. 

Instructions. 

This  paper  is  to  he  toorhed  by  the  Candddate  at  home.  The 
drawings,  ^.,  are  to  be  sent  by  post  to  the  Secretary,  Department  of 
Science  and  Art,  London,  S.  W,,  on  or  before  the  22nd  of  June.  The 
postage  need  not  be  prepaid.  The  drawings  should  be  as  fully 
detailed  as  possible,  a/nd  carefully  dimensioned.  Some  marks  will 
be  allowed  for  inhing^in  and  colowing,  but  more  credit  will  be 
attached  to  good  proportion  and  fulness  of  detail. 


Oive  all  the  calculations  which  you  make. 

The  following  voucher  mu^t  be  signed   and  returned  with  the 
worked  drawings : — 

I, 

hereby  certify  on  my  honour  that  the  drawinji^s  sent  in  by  me, 
for  the  Honours  Examination  in  Machine  Consiruction  and 
Drawing,  have  been  wholly  done  by  me,  and  without  assistance 
from  any  person. 

(Signed) 

No. 


The  above  number  must  be  quoted  on  each  separate  sheet  of 
drawings  worked  by  you. 

The  subject  for  design  is  a  centrifugal  pump,  suitable  for 
effecting  a  lift  of  16  feet,  and  delivering  1,600  cubic  feet  of 
water  per  minute. 

Drawings  are  required  showing  the  construction  of  the  pump, 
but  not  the  engine  for  driving  it. 

If  the  pump  wheel  is  placed  in  a  masonry  pit,  the  position 
and  construction  of  the  supply  and  discharge  culverts  should  be 
shown,  and  all  necessary  frames  and  bearings  for  supporting 
the  wheel  shaft. 

If  the  wheel  is  surrounded  by  a  cast-iron  casing,  assume  the 
length  of  the  supply  and  delivery  pipes  to  be  each  20  feet ;  but 
in  your  drawings  it  will  be  sufficient  to  show  the  ends  of  these 
pipes  attached  to  the  casing. 

In  the  specification,  besides  your  calculations  for  strength, 
give  the  estimation  of  the  following  quantities  : — 

Velocity  of  the  wheel  periphery,  and  revolutions  per  minute  ; 
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Yelocitj  of  the  water  at  all  points  in  the  line  of  flow  ; 

Turning  moment  and  horse-power  exerted  on  shaft ;  and 

Longitudinal  thrust  on  shaft  (if  any). 
Also,  give  a  graphical  constraction  for  the  form  of  the  spiral 
path  of  the  water  through  the  wheel,  and  draw  to  scale  a 
diagram  representing  the  velocitj,  pressure,  and  level  com- 
ponents of  the  total  head  of  the  water  throughout  its  progress 
through  the  pump,  taking  for  a  base  line  the  length  of  the  path 
of  the  water  through  wheel  and  surrounding  chamber. 


SUBJECT    m.    BUILDING    GONSTBUGTION. 

ExAMiNBB,  COLONEL  SEDDON,  R.B.  (Ret.). 


GSNEBAL  InSTBUCTIONS. 

If  the  rales  are  not  attended  to,  the  paper  will  be  cancelled. 

You  ma  J  take  the  Elementary  or  the  Advanced  or  the 
Honours  paper,  but  jou  must  confine  yourself  to  one  of  them. 

Your  name  is  not  given  to  the  Examiner,  and  you  are  for- 
bidden to  write  to  him  about  your  answers. 

All  figures  must  be  drawn  on  the  single  sheet  of  paper 
supplied,  for  no  second  sheet  will  be  allowed. 

All  drawings  must  show  a  correct  knowledge  of  construction. 
Neat,  distinct,  and  accurate  pencil  drawing  to  scale  is  required. 
No  extra  marks  will  be  aUowed  for  inking-in.  Where  only 
sketches  are  asked  for  the  proportions  must  be  approximately 
correct,  though  extreme  accuracy,  as  in  drawings  to  scale,  is 
not  necessary. 

You  are  to  confine  your  answers  strictly  to  the  questions 
proposed. 

Put  the  number  of  the  question  before  each  answer. 

Answers  in  writing  must  be  as  8hoi*t  and  clearly  stat.ed  as 
possible,  and  close  to  any  figures  to  which  they  may  refer. 

The  value  attached  to  each  question  is  shown  in  brackets  after 
the  question.  But  a  full  and  correct  answer  to  an  easy  question 
will  in  all  cases  secure  a  larger  number  of  marks  than  an 
incomplete  or  inexact  answer  to  a  more  difficult  one. 

A  single  accent  (')  signifies  feet ;  a  double  accent  (")  inch^. 

Questions  marked  (*)  have  accompanying  diagramti. 

The  Examination  in  this  subject  lasts  for  four  hours. 
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First  stage  or  Elementary  Ezamination. 
Iksteuctions. 
You  are  only  permitted  to  attempt  seven  questions. 


*1.  Flan  of  the  angle  of  a  brick  building  built  in  Englisli 
bond. 

Draw,  to  a  scale  of  y  to  a  foot,  showing  the  joints  of 
the  bricks  by  single  lines.  (11-) 

*2.  Sketch,  showing  the  end  of  a  beam  to  be  connected  with 
a  similar  one  by  an  ordinary  scarfed  joint. 

Give  a  plan  and  elevation  of  the  joint  to  a  scale  of 
1"  to  a  foot.  (11.) 

3.  Explain  by  sketches,  or  otherwise,  the  following  terms  :^ 
edges  shot — ^ploughed,  tongued  and  V-pointed — mortised 
and  housed.  (^^*) 

•4  Section  of  a   stone   wall  built  of  coursed,  flat-bedded, 
rubble. 

Draw,  to  a  scale  of  }"  to  a  foot,  showing  the  stones 
in  the  wall,  including  two  |  bond  stones,  and  adding  a 
flush  stone  coping,  weathered  at  top.  (11.) 

•5.  Vertical   cross  section  through    the    joints    of    a    stone 
landing. 

Draw,  to  a  scale  of  xV>  showing  at  A  a  rebated  joint, 
and  at  B  a  joggled  joint.  (11.) 

*6.  Single  line  section  of  a  cast  iron  girder,  10'^  X  4"  x  15"  deep< 
Taking  the  thickness  of  the  top  and  bottom  flanges 
at  1  J"  and  1"  respectively,  draw  its  section,  ^  full  sise^ 
and  state  how  such  a  girder  ought  to  be  used.       (12.) 

7.  Draw,  to  a  scale  of  },  cross  sections  of  the  joints  you 
would  use  in  the  lead  gutter  of  a  roof,  to  connect  the 
ends  of  the  sheets  together.  (1^*) 

*8.  Elevation  of  the  back  of  a  framed  and  braced  door. 

Draw,  to  a  scale  of  |"  to  a  foot,  making  any  alteration 
you  think  advisable,  and  filling  in  with  rebated  and 
beaded  battens.  Only  the  joints  in  connection  with  the 
hanging  stile  to  bo  dotted  in.  (13.) 

9.  Give,  to  a  scale  of  |''  to  a  foot,  sections  across  a  few  floor 
boards  showing  the  constraction  of — 

A  single  floor  with  1^"  boards,  rebated  and  filleted. 
A  double  floor  with  ll"  boards,  grooved  and  tongued. 

(13.) 
(8367)  9 
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*]0.  Line  diagram  of  an  iron  roof  irass. 

Draw,  ^  fall  size,  an  elevation  of  the  joint  at  the  bead 
of  the  tmss,  the  members  consisting  of  *f  irons  2J"   x 
2^"  X  i"  and  two  bars  2^"  x  i".  (13.) 

11.  Draw,  to  a  scale  of  3'  to  an  inch,  a  cross  section  throng-b 

a  wood«a  roof,  ov^*  a  16'  span,  sbowing — 

Rafters,  4"  x  2". 
Collar,  4^"  x  2",  half  way  np. 
Ridge  piece,  7'^  x  If. 
Wall  plates,  4"  x  2". 
Brick  walls,  14". 

The  rise  to  be  ^  span,   and  the  rafters  not  to  be 
weakeued  in  co9Q«cting  tb^  coUar  to  them.  (14.) 

12.  Draw,  to  a  scale  of  J,  a  cross  section  throngh  a  lead  gutter 

at  th^  back  of  a  chimney  shaft,  showing  all  the  details 
of  construction,  the  rafters  being  4"  X  2",  carrying 
Countess  plates  (3  couxse^  to  be  shown)  on  |"  boards. 

(15.) 

•13.  Elevation  of  a  4^"  trusBed  partition,  to  be  constructed  out 
of  9"  X  3"  and  9"  x  2"  deals. 

Give  its  elevation,  to  a  scale  of  3  feet  to  an  inch, 
writing  against  them  the  names  and  scantlings  of  the 
different  members.  (1^0 

•14.  Horizontal  Fection  through  a  window  1'  8"  x  2'  6",  to  he 
fitted  with  a  casement  sash,  hung  to  a  solid  frame,  and 
opening  inwards. 

Draw  a  vertical  section  through  A — A,  to  a  scale  of 
1^'  to  a  foot,  showing  a  stone  head  and  sill,  a  1^" 
window  board,  and  a  2  '  sash,  which  must  be  weather- 
tight.  (16.) 


$600X14  8ta&o  or  Advsuicad  Examination, 

Instecctioks. 

Read  the  General  Inairactions  at  the  head  of  the  Elementary 
paptiSp. 

Ton  are  only  permitted  to  attempt  six  questions. 


2l.  Describe  the  following  bricks,  sfaitlng  the  purposes  for 
which  they  are  suitable  : — Sbippersj  grizzleSj  nmlm  cut-* 
tera,  blue  Staffords.  (12.) 
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22.  What  is  the  composition  of  the  following  stones ;  which 

would  yon  consider  the  most  durable,  and  why  ? 

York  stone,  Bath  stone,  Craigleith  stone.  (12.) 

23.  ^xplain  what  is  meant  by  rich  lime,  poor  lime,  sfcone  lime. 

Which  will  carry  the  most  sand,  and  why  P        (12.) 

*24.  Diagram  of  a  loaded  truss. 

Draw,  to  double  the  size,  omitting  as  many  members 
as  possible,  and  marking  with  a  X  all  the'  remaining 
members  bronght  into  compression  by  the  load.     (14.) 

•25.  Plan  of  a  fireplace  in  a  ground  floor  room. 

Draw,  to  a  scale  of  -^^,  a  section  through  A — ^A,  showing 
all  the  detail  of  the  construction.  (1^*) 

•26.  Plan  showing  the   junction  of  a    1^-brick  wall  built  in 
Flemish  bond,  with  a  2-brick  wall  built  in  English  bond. 
Show,  to  a  scale  of  f "  to  a  foot,  the  arrangement  of 
the  bricks  in  two  successive  coui*ses.  (14.) 

*27.  Plan  of  a  cross-beam  framed  into  two  girders. 

Di'aw,  to  a  scale  of  1^"  to  a  foot,  sections  through' 
the  joints,  showing  at  A  a  shouldered  or  tuBk*tenoued 
joint,  and  at  B  a  chase-mortised  joint. 

Under  what  circumstances  would  the  latter  joint  be 
used?  (16.) 

28.  Give  a  part  elevation  and  a  cross  section  of  a  plate  girder 
2  feet  ^eep,  with  a  1'^  web,  connected  to  flanges,  each 
consisting  of  two  IZ'  X  |"  plates;  the  rivets  to  be 
I''  diameter,  with  a  pitch  of  4".  (16.) 

29*  Draw,  to  a  scale  of  3  feet  to  an  inch,  an  elevation  of  about 
half  of  a  i(irooden  roof  truss  for  a  34  feet  span,  containing 
the  following  members  :-— 

Tie-beam,  10"  X  5". 

Queen  posts,  5"  x  3^". 

Principals,  5"  x  6". 

Straining  beam,  6"  X  6". 

Braces,  4"  x  2^".  (16.) 

^30.  Yertieal  section  through  the  base  of  the  outer  wall  of  a 
bribk  dwelling-house  built  on  a  damp  site. 

Draw,  to  a  scale  of  i"  to  a  foot,  showing  ^e  joints  of 
the  brickwork,  and  making  any  alterations  or  additions 
you  consider  necessary  to  prevent  the  damp  from  affect- 
ing the  walls.  (17.) 

31.  Give  a  cross  section,  to  a  scale  of  I"  to  a  foot,  through  the 
ridge  of  a  slated  roof,  showiug  three  courses  of  £)uchess 
slates  centre  nailed  on  3"  X  1"  battens,  with  4"  x  2" 
(33,67)  B  2 
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rafters,  and  a  9''  X  1^ '  ridge-piece  finiislicd  with  date 
ridging. 

Also  give  a  similar  section  showing  the  details  of  a 
lead  ridge  roU.  (17.) 

*32.  Elevation  of  a  ^"  door,  glazed  aboye  with  nine  panes  and 
two  panels  below,  bead  flush  ontside  and  moulded  inside. 
Draw,  to  a  scale  of  |"  to  a  foot,  the  ontside  elevation ; 
also  a  section  through  A — ^A,  to  double  the  scale. 

(18.) 


Honotm  Examination. 

iNSTRtCTIONS. 


&ead  the  Oenend  Instmctions  at  the  head  of  the  Elementaxy 
paper. 

Yon  are  only  permitted  to  attempt  eight  questions. 


41.  In  what  respects  does  seasoned  differ  from  unseasoned 
timber  ?  When  would  you  consider  fir  timber  sufficiently 
seasoned  for  use  in  carpenters'  and  joiners*  work  respectively  ? 

Name  any  artificial  systems  of  seasoning  timber  you  may 
be  acquainted  with,  omitting  the  details  of  the  processes. 

(8.) 

42.  A  brick  building  is  to  be  repointed  with  Portland  cement 
mortar ;  write  out  a  specification  to  govern  the  work. 

(8.) 

43.  A  girder  of  uniform  section,  which  has  safely  carried  a 
distributed  load  of  4  tons  over  a  12  feet  spau,  is  now 
required  to  carry  2  columns  at  4  feet  from  the  supports  and 
from  each  other. 

Taking  each  column  to  be  equally  weighted,  what  shonld 
the  load  on  each  be  limited  to  in  order  not  to  increase  the 
stress  on  the  beam.  (8.) 

44.  State  briefly  the  difference  between  cast-iron,  wrought-iron, 
and  steel ;  and  by  what  treatment  they  can  be  distinguished 
one  from  the  other.  (8.) 

46.  Taking  the  ordinary  vertical  load  per  foot  super  for  a 
wooden  slated  roof,  including  wind  and  snow,  and  a  ceiling 
weighing  10  lbs.  per  foot  super  on  the  tie,  determine 
geometrically,  or  otherwise,  the  nature  and  extent  of  the 
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direct  stresses  set  np  in  the  different  members  of  the  truss 
below,  the  trusses  being  at  10  feet  centres  and  the  weights 
concentrated  at  the  joints  of  the  truss.  (8.) 


46.  The  diameter  of  a  Doric  column  being  taken  as  4  feet,  draw 
its  horizontal  section  and  elevation,  to  a  scale  of  ^ ; 
showing  how  the  architrare  and  frieze  were  treated  by  the 
Greeks,  and  writing  the  names  of  the  different  parts  against 
them.  (8.) 

47.  Give  a  horizontal  section,  \  full  size,  through  one  jamb  of 
an  internal  doorway  in  a  first  class  dwelling-house.  The 
wall  to  be  of  9"  brickwork,  rendered  outside,  and  lath  and 
plastered  on  battens  inside  the  room.  The  wood  fittings 
and  a  portion  of  the  door  to  be  shown.  0-0.) 

48.  Draw,  to  a  scale  of  4  feet  to  an  inch,  a  cross  section  through 

one-half  of  a  wooden  roof  oyer  a  36  feet  span,  the  trusses 
being  10  feet  apart,  ceiled  to  the  tie-beams,  and  resting  on 
20"  stone  walls.  The  eaves  to  be  finished  with  fascia  and 
soffit  boards,  and  cast-iron  ogee  gutters.  The  scantlings  of 
the  different  members  to  be  given.  (10.) 

49.  Give  explanatory  sketches  of  the  first  flight,  containing  10 
flyers,  of  a  wooden  staircase  4'  6''  wide,  in  a  first  class 
dweUing-house ;  showing  all  the  details  of  its  construction, 
including  the  balusters  and  hand  rail.  (10.) 

50.  Give,  to  a  scale  of  |"  to  a  foot,  an  elevation  and  section, 
showing  all  the  detaUs  of  a  suitable  pair  of  folding  doors, 
for  an  entrance  doorway  4'  x  8',  to  a  town  mansion. 

(10.) 

51.  Give  a  section,  to  a  scale  of  ^  ,  of  a  brick  sewer  with  a 
sectional  area  of  about  7  feet,  to  be  laid  along  the  centre  of 
a  main  street,  about  8  feet  below  road  level. 

Also  draw,  to  about  half  the  above  scale,  a  section  of  a 
man-hole  leading  to  the  same.  (10.) 

52.  Write  out  a  specification  to  govern  the  covering  of  a  roof, 
in  a  very  exposed  site,  with  Countess  slates,  including  lead- 
work  in  gutters,  hips,  valleys,  and  ridges.  (10.) 
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SUBJECT  m.    BUltiDIlf S  CONSTEUCTION. 

ExAMiNEB,  COLONEL  SKDDON,  B.E.  (Ret.)- 


Honours  Szaminatlon.— ^ork  to  be  done  at  Hosie. 

iNST&UCnOKS. 

Tftis  paper  h  to  he  irorJkcd  ty  the  Candidate  at  Jits  own  home. 
The  r^rntnngs  are  to  he  neiU  hyvost  to  the  Secretary.  Department 
hf  Science  and  Art^  London^  15.  W.,  on  or  before  the  zZnd  of  June, 
The  postage  need  not  be  prepaid. 


Draw  up  a  design  for  a  pair  of  aemi-deta^shed  shop  cx>ttage8 
for  a  f^mall  ooantry  Tillage,  to  be  built  on  m  plot  of  groimd  with 
a  70- feet  frontage  and  a  depth  of  150  feet. 

Tbry  ai*e  to  be  kept  SO  feet  back  from  file  fronta^,  etsnciin^  in 
their  own  gardens,  which  are  only  to  be  separated  hy  a  low 
feuce. 

The  site  is  rather  low-lying,  and  damp  at  tlmes^  bat  the 
fonndations  are  sound. 

Each  is  to  hare  the  following  aecomtnodation : — 

»^hop  area  of  about  200  feel  superficial,  with  a  living  room, 
small  kitchen  and  larder,  and  ihree  bedix>oms. 

One  of  the  shops  is  to  be  a  post  offioej  with  fancy  goods,  and 
the  other  a  drapery  store. 

The  choice  of  materials  is  left  to  the  candidate. 

All  the  work  must  be  sound  and  good,  the  rooms  convenienUy 

arranged,  and  all  sanitary  requirements  carefully  attended  to. 

Plans  and  el^alion!)  to  be  drawn  to  a  scale  of  8  feet  to  an 
inch,  sections  to  twice  the  scale  of  the  plans,  and  enlarged  details 
to  b^  given  os  may  be  required.  A  small  Site  plan  to  be  given, 
showing  positions  of  any  out-offices. 

Th6  dhiwin^  must  be  fully  dimensioned,  and  sufficiently 
complete  to  allow  of  accurate  bills  of  quantities  bein^  taken  out 
from  them,  with  ihe  eaeeption  of  out' buildings,  which  need  only 
be  shown  on  the  general  plan. 
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The  approximate  cost  of  the  block,  ascertained  by  cubing  ont 
the  contents,  to  be  stated,  and  a  short  description  gi^en  of  the 
materials  proposed  to  be  emplojed,  and  of  any  points  requiring 
explanation. 

The  following  wmoker  m/uat  he  signed  4md  returned  witti  Ihe 
worked  drawings : — 

I,_ 

herebr  certify  on  my  honour  that  the  drawii^^s  sent  in  by  me, 
for  the  Honours  Examination  in  Building  Construction  and 
Drawing,  have  been  wholly  don6  by  me,  and  Ti^ithout  assistance 
from  any  person. 


No. 


The  sbote  number  must  be  quoted  on  each  separate  sheet  of 
drawings  wvrked  by  you. 


6irBJ£GT  lY.    KAVAL  ABGHITECTUBE. 

Examinee,  J.  H.  MORRISON,  Esq.,  R.C.N.C. 


Geneeal  Instructions. 
If  the  rules  are  not  attended  to,  the  paper  wilt  be  oaaeelled. 

Ton  may  take  the  Elementary,  or  the  Advan(;ed,  or  the 
Honours  paper,  but  you  must  confine  yourself  to  one  of  them. 
Sketches,  required  to  be  made  to  scaler  must  be  inh&d  in  with 
drawing  pen. 

Put  the  number  of  the  qtiestiom  before  your  answer. 

Yo(u  are  to  confine  your  answers  Strictly  to .  the  Questions 
proposed. 

Your  name  is  not  givfen  to  the  Eiainliler,  ani  fbn  are  for- 
bidden to  write  to  him  about  your  answers. 

The  value  attached  to  each  question  is  dhdvtn  in  brackets 
aflor  the  question.  A  full  and  correct  answer  to  an  easy 
question  will  in  all  cases  secure  a  larger  number  of  marks  than 
au  incomplete  or  inexact  answer  to  a  more  difhcult  one. 

The  exaihinaiion  in  this  subject  lastj  fur  four  Iwurs, 
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nret  Stage  or  Slementary  EzaminaUon. 

Instbugtioks. 

Tou  are  onlj  permitted  to  attempt  ten  qaeetions. 

You  must  attempt  No,  21.  Two  of  the  remaining  qnestions 
xnaj  be  selected  from  the  Calculations;  and  the  r^  from 
one,  but  not  from  both,  of  the  aeotiona  of  Praotical 
ShipbnUding. 


PRACTICAL  SHIPBXnLDING.— SECTION  L 
WOOD  AND  COMPOSITE  SHIPS. 

1.  Sketch  roughly : — (I)  a  plain  scarph ; 

(2)  a  tabled  scarph.  (8.) 

2.  How  ia  the  keel  of  a  wood  ship  set  to  its  right  position  on 

the  blocks,  and  how  is  it  usually  secured  thereon  P    (6.) 

3.  How  is  the  stern  post  of  a  wood  ship  usually  connected 

with,  and  fastened  to  the  keel  ?  How  is  water  prevented 
from  getting  behind  the  bottom  plank  through  the  joint 
of  the  stem  post  and  keel  P  (8.) 

4.  The  frames  of  a  small  wood  ship  are  trimmed,  and  ready  to 

be  hoisted  into  place  on  the  blocks,  state  briefly  how  the 
work  of  erecting  and  fixing  them  in  place  is  proceeded 
with.  (12.) 

5.  What  is : — (1)  chain  bolting ; 

(2)  frame  bolting. 
Briefly  explain  how  the  work  is  proceeded  with  in 
each  case  P  (8.) 

6.  What  is  the  "shelf"?        Show  how  the  shelf,   beams, 

waterway,  and  frames  are  usually  connected  together. 

(10.) 

7.  How  y/ould  you  take  an  account  of,  trim,  and  get  in  place 

a  strake  of  bottom  plank  P 

.  In  wood  ships,  which  of  the  outside  planks  are  usually 
first  fitted,  and  for  what  reasons  P  (12.) 

8.  Show  how  the  flat  keel  plate,  transverse  frames,  and  inter- 

costal keel  plates  are  usually  connected  together  in  a 
composite  vessel.  (1 2.) 

9.  How  are  the  frames  of  a  composite  vessel  usually  bent  and 

bevelled  P  (8.) 

10.  Explain  how  the  work  of  laying  the  wood  deck,  and  secur- 
ing it  to  the  iron  beams,  in  a  composite  vessel,  is  pro- 
ceeded with,  to  ensure  good  workmanship.  (8.) 
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rHACTICAL  SHIPBUILDING.— SECTION  11. 
ntON  AND  STEEL  SHIPS. 

11.  Bonglily  sketch  a  ^^tap"  rivet.     Where  are  such  rivets 
needy  and  how  are  they  got  into  place  and  finished  off  ? 

(8.) 
3  2.  Bonghlj  sketch  :-^(l)  a  side  bar  keel ; 
(2)  a  flat  plate  keel; 
and  show  how  ike  bottom  plating  is  connected  to  the 
keel  in  each  case.  (8.) 

13.  Show  by  a  rough  sketch  how  yon  would  connect  and  fasten 

the  heel  of  a  stem  post  to  a  side  bar  keel.  (8.) 

14.  The  frames  of  a  small  steel  vessel  are  ready  to  be  hoisted 

into  place  od  the  blocks,  how  would  you  proceed  with 
the  work  of  erecting  and  temporarily  securing  them  in 
place?  (12.) 

15.  A  bottom  plate  has  great  curvature,  how  would  you  make 

sure  that  it  will  properly  fay  against  the  frames,  and 
how  would  you  take  an  accoant  of  the  rivet  holes  in  it  ? 

(12.) 

16.  A  girder  of  the  form    y-  passes  through  a  watertight  bulk- 

head, how  would  you  make  the  bulkhead  watertight 
around  the  girder  ?  (10.) 

17.  How  would  you  ascertain  that  the  iron  beams  are  ready  lo 

receive  the  wood  deck  ?  (6.) 

18.  Explain  how  the  work  of  laying  the  wood  deck,  and  secur- 

ing it  to  the  iron  beams,  is  proceeded  with  to  ensure 
good  workmanship.  (8.) 

19.  Sketch  roughly  any  two  kinds  of  fastenings  which  have 

been  extensively  used  for  fastening  wood  deck  to  iron 
beams.  (8.) 

20.  Explain  how  the  bottom  plates  are  caulked,  and  how  the 

rivets  and  joints  are  tested  to  see  if  they  are  tight. 

(12.) 

DRAWING. 

21.  What  does  sketch  No.  21  represent  ?    Enlarge  it  to  a  scale 

twice  the  size  shown.  (14.) 


CALCULATIONS. 
22.  Write  down :— (1)  Simpson's  1st  Rule; 
(2)  Simpson's  2nd  Rule 
for  finding  the  areas  of  plane  surfaces,  and  state  under 
what  conditions  each  rale  is  applicable.  (8.) 
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23.  The  **  half  "•ordmaies  of  the  midship  seoiion  of  a  vessel  are 

127;  12-8;  12-9;  129;  12-9;  128;  12-5;  11*9;  10-4; 
5*9  and  1*4  feet  reapectirety,  and  the  ooxnmon  interval 
between  them  n  18  mches. 

Find  the  area  of  the  section  in  sqnare  feet.  (6.) 

24.  A  Dantzic  oak  deck  plank  ia  25'  6''  knpr  vxd  4i"  thick.    It 

is  8"  wide  at  one  end,  and  tapers  gradnallj  to  6"  at  the 
other  end,  whst  ia  its  weight  P  (6.) 

is.  What  is  meant  by  "  tons  per  inch  iminer^on  "  ? 

The  ''  tons  per  inch  immeMon  "  atidba  loftd  wwbbr  plane 
of  a  ship  is  d0*5,  what  ia  the  area  of  th«  load  water 
plape  ?  and  what  wonld  be  the  disnlacement  in  a  it. 
and  in  tons,  ot  a  layer  4"  thick  in  the  vicinify  of  thia 
plane?  (6.) 


gfec&nd  fttiigd  or  Advanced  JBxaxninaiibiDL 

iNSTBUCnONS. 

^ead  the  dfeneral  Instructions  iK  the  head  of  the  Blementatj 
paper. 

Ton  are  only  permitted  to  attempt  twelve  questions. 

Ton  must  attempt  No.  49.  The  remaining  questions  may  be 
selected  from  any  part  of  the  paper,  provided  that  one  or  more 
be  taken  from  each  section,  viz.,  Practical  Shipbuilding,  tiaying 
Off,  and  Calculations. 


PRACTICAL  SHIPBUILDING. 
Wood  akd  Cohposite  Ships. 

Al,  Show  how  the  keel,  floors,  keelson,  and  garboard  strakes  of 
a  wood  ship  are  usually  connected  and  fastened  together. 

(6.) 
82.  How  would  yon  trim  a  piece  of  wo«d  stem  9  (8;) 

33.  How  are  the  wood  frames  proved  to  be  in  their  right  posi- 

tions on  the  keel,  and  how  are  they  temporarily  secured 
in  place  ?  (6.) 

34.  Mention  the  different  asemblages  of  plank  on  the  outside  of 

a  wood  ship.  State  where  they  are  worked,  and  which 
you  consider  the  most  important  in  giving  strength  to 
resist  hogging  and  sagging  strains,  istatihg  yonr  reasons. 

(8.) 
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35.  Show  in  plan,  and  lii  elevattcrti,  hoi^  the  flat  keel,  frames, 
and  intercostal  kee)^  ore  iisaally  cbnnecied  together  m  a 
oompoiHte  vessel.  (8.) 

S6;  Describe  the  w&rk  hi  *^  fafitenjiig  "  the  *'  onter  "  tidckness  of 
bottom  plank  in  a  composite  vessel  which  Im  iwo  thick- 
nesses of  bottom  pla»k;  (6.) 

Ibok  1^6  "^tkiii  Ships. 

37.  Explain  how  the  ^ork  Of  ^&ing  4  iii«rdmtil<^  r^$Bel  of  the 

ordinary  type  in  protsfefeded  With.  (8.) 

38.  Sketch  a  portion  of  a  bracket  frame  ezt.ending  from  the 

middle  line  of  tJie  ^ip  to  just  beyond  the  first  longi- 
tudinal from  the  middle  line.  (8.) 

39.  How  are  steel  rivets  tested  to  ascertain  if  they  are  fit  foi 

nse?  .         (8.) 

40.  A  bottom  plate  has  great  porv^ture,  }iow  would  yon  make 

sure  that  it  will  properly  fay  against  the  frames,  and 
how  would  you  take  an  account  of  the  rivet  holes  in  it  ? 

(8.) 

41.  A  girder  of  the  forid   ^^    ^vssbA  through  k  watertight 

bulkhead,  show  cleea*ljr  how  yoa  would  make  the  bulk- 
head watertight  around  the  girder.  (8.) 

42.  The  outer  .bottom  plating  in  some  vessels  ia  worked  so  that 

the  inside  strakes  are  broader  jbhan  the  outside  strakes  by 
twice  the  width  oi  the  lap.     In  other  vessels  the  inside 
and  outside  strakes  are  worked  of  equal  breadths. 
Disdiiss  tbb  relative  ihetiti  bf  thb  Wo  dtst^rmiS; 

(8.) 

43.  What  principles  should  govern  the  arraiigemeni  of  pillars 

in  ft  ship  ? 

VtTiicn  f  ejrrn  of  pillar : — 

(1)  solid  bar, 

(2)  tubtilar  with  Adlid  heitd  and  heel^ 
ttprfefertbbte?    Why?  (8.) 

44.  Bketch  ro«ghfy  any  two  kinds  of  fastenings  .which  have 

been  extensively uised  for  fastening  wood  deck  to  iron 
beams.  ,     ' 

Wheit  are  the  reqilirementd  of  Llbyd'8  lle^dter  as  to 
fastenings  of  deck  planks  P  (8.) 


tAtlNG  of  P. 

45.  Describe  brifeffy  the  wotk  of  fairing  the  body  upon  the 
mould  loft  floor.  (8.) 
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46.  How  are  the  edges  of  the  bottom  plates  and  longitudinals 

obtained,  and  faired,  on  the  mould  loft  floor  P  (8.) 

47.  How  woald  yon  lay  off  a  harpin  ?  (6.) 

48.  What  monlds  and  information  should  be  given  to  the  ^vrork- 

men  to  enable  a  harpin  to  be  trimmed  and  fixed  in  its 
place?  (6.) 

DBAWING. 

49.  What  does  sketch  No.  49  represent  P 

Enlarge  it  to  a  scale  twice  the  size  shown.         C^^O 


CALCULATIONS. 

50.  When  would  yon  use 

(1)  Simpson's  Ist  Rule, 

(2)  Simpson's  2nd  Rule, 
«for  finding  the  area  of  a  plane  surface  ? 

The  ''half  "-ordinates  of  a  water  plane  of  a  vessel, 
in  feet,  are  respectively,  commencing  from  "forward":— 
0-3;  8-8;  76;  10-2;  11-5;  US;  11;  95;  67;  and  2; 
and  the  common  interval  between  them  is  16  feet. 

Find— 

the  area  of  the  plane  in  square  feet ; 

the  distance  of  the  centre  of  gravity  of  the  plane 

"  abaft "  the  *'  foremost "  ordinate ;  (8.) 

51.  Explain  briefly  the  method  of  finding  the  displacement  of  a 

ship  from  her  drawings.  (6.) 

62.  What  is  the  "  centre  of  buoyancy  "  ? 

The  load  displacement  of  a  ship  is  5,000  tons,  and  the 
centre  of  buoyancy  is  10  feet  below  the  load  water-line. 
In  the  light  condition  the  displacement  of  the  ship  Is 
2,000  tons,  and  the  centre  of  gravity  of  the  layer  between 
the  load  and  light  lines  is  6  feet  below  the  load  line. 

Find  the  vertical  position  of  the  centre  of  buoyancy 
below  the  light  line  in  the  light  condition  (6.) 

53.  The  ordinates  of  the  boundary  of  \he  deck  of  a  ship  are : — 
6-6;  24;  29;  32;  33-6;  335;  335;  82;  30;  27  and 
6*5  feet  respectively,  and  the  common  interval  between 
them  is  21  feet. 

The  deck,  with  the  exception  of  a  space  of  350  square 
feet,  is  covered  with  f "  steel  plating,  worked  flush-jointed 
with  single  riveted  edges  and  butts.  Find  the  weight  of 
the  plating,  including  straps  and  fastenings.  (8.) 
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54.  In  arranging  the  butt  fastenings  of  tlie  bottom  plates  of  a 
ship,  what  principles  would  guide  you  in  determining 
the  rows  of  rivets,  and  the  spacing  of  the  rivets,  in  the 
butt  straps  ?  (6.) 


Hononrs  Examination. 

.    Inrtructions. 


Bead  the  General  Instructions  at  the  head  of  the  Elementary 
paper. 

xou  are  only  permitted  to  attempt  fourteen  questions.  Tou 
may  select  these  from  any  part  of  the  paper,  provided  that  one 
or  more  be  taken  from  each  section,  viz.,  Pi'actical  Shipbuilding, 
Laying  Off,  and  Calculations. 


.^  .J 
PRACTICAL  SHIPBUILDING. 
Wood  ahd  Composite  Ships. 

71.  Show  roughly,  in  plan,  extending  from  a  few  feet  on  one 

side  of  the  middle  line  of  a  ship,  to  the  topsides  on  the 
other  side ;  how  the  timbers  comprising  a  frame  and  a 
filling  frame  would  be  arranged;  and  show  the  frame 
bolting.  (6.) 

72.  How  would  you  take  an  account  of,  trim,  get  in  place,  and 

temporarily  secure,  a  strake  of  bottom  plank  which  is  a 
shutter-in  lengthwise  ?  (8.) 

73.  Specify  generally,  without  giving  dimensions,  the  require- 

ments of  Lloyd's  Register  as  to : — 

(1)  floor  plates; 

(2)  flat  keel  plates; 

in  composite  vessels.  (6.)    ] 

74  Show  roughly,  in  plan  and  elevation,  how  the  floor  plates, 
fliat  keel  plate,  and  intercostal  keel  plates,  are  connected 
and  fastened  together  in  a  composite  vessel,  specifying 
sizes  of  plates  and  angles ;  and  sizes  and  pitches  of  rivets, 
stating  the  approximate  size  of  the  vessel  you  take. 

(8.) 
75.  Briefly  compare : — 

(1)  as  to  local  strength ; 

(2)  as  to  structural  strength ; 

a  wood  vessel  and  a  composite  vessel  of  similar  dimen« 
sions.  (6.) 
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Iron  akd  Stkel  Ships. 

76.  Sketdli  roughly,  by  traoavene  seotioiifl  extending  fsom  the 

middle  line  of  ship  to  jost  below  the  turn  of  the  bOge, 
illustrating : — 

(1)  the  br^ket-plate  system  of  framing ; 

(2)  the  framing  of  a  small  mercantile  vessel  of  ordinary 

type.  (8.) 

77.  Show  how  the  bottom  plating  is  connected  with,  and  ^Lstened 

to,  the  stem  post  in  a  large  war  ship,  showing  how  the 
edges  of  the  plates  are  formed  and  strapped  in  the  vicinity 
of  the  post.  (8.) 

78.  Describe  the  tests  to  which  2  steels  are  subjected  to  ascert^n 

if  they  are  fit  for  use.  (6.) 

79.  Describe  clearly,   with  a  sketch,  how  you  would  pecure 

watertightness  in  a  watertight  bnlikhead  mb^ff^  a  ateam 
pipe  passes  through  it.  (6.) 

80.  What  general  principles  should  govern  the  arrangement  of 

pillars  in  a  ship  p 

Which  form  of  pillar  is  preferable  :— 

(1)  solid  bar ; 

(2)  tubular  with  solid  head  and  heel  ? 

WhyP  (6.) 

81.  It  is  found  necessary  to  increase  the  strength  of  the  upper 

deck  of  a  steel  Vessel  which  has  no  plating  on  that 
deck. 

For  a  given  weight  of  material,  discuss  briefly,  giving 
your  reasons,  whether  you  would ; — 
llf ork  fpre  and  aft  diagonal  tie  plates  on  the  beams 
aaaociated  with  stringer  plates  of  email  ^iimensioiis 
on  the  ends  of  the  beams  ; 

PP 
dispense  with  tVe  tl,e  pJAte?  aa^  work  atrij^ers  on 
the  ends  of  the  beodi^s  oj^  larger  dimensions.    (8.) 


JiATINQ  OFF. 

8B.  Explain  the  order  in  which  you  would  lay  o^  a  large  iron  or 
steel  ship. 

State  what  moulds  you  would  have  made,  and  the 
order  in  which  you  would  send  them  out  from  the  monld 
loft.  (a) 

83.  A  ship  trims  considerably  by  the  stern,  and  has  a  list  to 
port ;  how  would  yoa  tind  the  true  form  of  the  plane  of 
flotation  ?  (4.) 
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31 


84. 


85. 


Show,  by  rongh  sketches,  a  bilge  keel  in  the  sheer,  half- 
breadth,  and  body  plans. 

State  the  reasons  for  th^  positions  and  directions 
chosen.  (6.) 

How  would  you  obtain  an  account  of  a  longitudinal  which 
has  great  cnrvatare  and  twist  ? 

SSow  what  information  you  would  give  tp  the  VOrkr 
iQo^  in  prder  tb«t  the  plate  rm^j  be  prepared  £Qr  use. 

(6.) 


CALCULATIONS. 

86.  From  the  particulars  given  below  find — 

(1)  the  displacement  in  tons  of  the  vessel  up  to  L.W.L. ; 

(2)  the  distanoe  of  the  centre  of  buoyancy  abaft  the 

foremost  station ; 

(3)  the  depth  of  the  centre  of  buoyancy  below  L.W.L. 

Half-ordinates  in  feet  at  stations : — 


1 

2 

3 

4 

5 

L.W.L. 

•3 

8-9 

13-2 

11-2 

2-4 

2  W.L. 

•3 

6-4 

12-6 

7-8 

•4 

3W.L. 

•8 

2-4 

90 

31 

•4 

Stations  apart  27  feet. 
Water  lines  apart  3  feet. 
(Appendages  before  and  abaft  end  ordinates,   and   below 
No.  3  W.L.  being  neglected.)  (8.) 

87.  A  pontoon  raft  is  formed  by  three  cylindrical  pontoons  eaok 

50  feet  long  and  4  £eet  in  diameter.  The  outer  pontoons 
are  each  8  feet  from  the  middle  one  (centre  to  oentre) 
throughout  their  lengths. 

Find  the  displacement  of  the  raft,  and  the  height  of  the 
transverse  metacentre  above  the  oentre  of  buoyancy,  the 
pontoons  floating  with  their  axe^  at  the  surface  of  the 
water.  (8.) 

88.  Explain  briefly  how  the  vertical  position  ol  the  C.G.  of  a 

ship  and  its  equipment  is  accurately  obtained.         (6.) 

89.  How  is  a  metacentric  diagram  constructed,  and  what  are  its 

uses? 

In  what  classes  of  ships  would  you  expect  the  meta* 
centre  to  fall  quickly  as  the  draught  lightens,  and  after 
reaching  a  minimum  height  to  gradually  rise  again  ? 
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90.  A  steel  ship  is  found  on  her  first  Yojago  at  sea  io  be 

Btmctarallj  weak  longitudinally.  How  would  jou 
attempt  to  effectually  strengthen  the  ship  with  the  least 
additional  weight  of  material^  giying  your  reasons  ? 

(6.) 

91.  What  is  meant  by  ''curyes  of  weight"  and  "curves  of 

buoyancy  "  as  applied  to  the  longitudinal  distribution  of 
weight  and  buoyancy  in  ships  P 

8how  how  these  curves  are  obtained;  and  draw, 
approximately,  on  the  same  scale  and  in  one  diagram, 
such  curves  tor  any  iype  of  vessel  with  which  you  are 
acquainted ;  mentioning  the  iype  you  have  taken. 

(6.) 


SUBJECT  IV.    NAVAL  ABCHITECTUBE. 

Examines,  J.  H.  MORRISON,  Esq.,  B.G.N.C. 


Hononra  Examination.— Work  to  be  done  at  Home. 

Insthuctioks, 
This  paper  U  to  he  worked  by  the  Candidates  at  their  own  hornet. 
The  drawings  are  to  he  sent  by  post  to  the  Secretary^  Department 
of  Science  and  Art^  London^  8»W»,  on  or  before  the  22nd  of  June, 
The  postage  need  not  he  prepaid. 


101.  Portions  of  the  sheer  and  body  plans  of  a  steel  screw 
vessel  on  a  scale  of  |  inch  to  1  foot»  with  particolars  of 
dimensions,  are  given  on  drawing  No.  101. 

Make  a  complste  building  draft  on  a  scale  of  ^  inch  io 
1  foot  from  the  information  furnished,  and : — 

(1.)  Mark  distinctly  on  the  drawing  constructed  by 
you  the  position  of  the  centre  of  buoyancy  when 
the  vessel  is  floating  at  a  load  line  of  11'  6"  for- 
ward; 12' 6"  aft. 
(2.)  Construct  the  curve  of  displacement  on  a  scnle 
of  1  inch  per  foot  of  draught,  and  1  inch  per 
100  tons  displacement. 
(3.)  Construct  the  curve  of  tons  per  inch  immersi  >n  on 
a  scale  of  1  inch  per  foot  of  draughty  and  }  inch 
per  ton. 
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The  following  voucher  must  he  signed  and  returned  with  the 
worked  drawings : — 


T,. 


hereby  certif  j  on  mj  honour  that  the  drawings  sent  in  by  me, 
for  the  Honours  Examination  in  Naval  Architecture,  have  been 
done  wholly  by  me,  and  without  assistance  from  any  person. 

(Signed) 

No. 

The  above  number  must  be  quoted  on  each  sepsirate  sheet  of 
drawings,  &c.,  worked  by  you. 


SUBJECT  V.    FUBE  MATHEMATICS. 
STAGES  1,  2,  &  3. 

Examinees,  Rev.  J.  F.  TWISDEN,  M.A., 
AND  A.  R.  WILLIS,  Esq.,  M.A.,  D.Sc. 


General  Instbuctions. 
If  the  rules  are  not  attended  to,  your  papers  will  be  cancelled. 

You  are  permitted  to  answer  questions  from  the  First  Stage, 
or  from  the  Second  Stage,  or  from  the  Third  Stage,  or  from  the 
Honours  Paper,  but  you  must  confine  yourself  to  one  of  them. 

Put  the  number  of  the  question  before  your  answer. 

Every  page  of  the  paper  supplied  for  the  answers  may  be 
used. 

You  are  to  confine  your  answers  strictly  to  the  questions 
proposed. 

Your  name  is  not  given  to  the  Examiners,  and  you  are  for- 
bidden to  write  to  them  about  your  answers. 

All  the  work  by  which  a  result  is  obtained  must  be  clearly 
shown  in  immediate  connexion  with  the  question.  No  credit  will 
be  allowed  for  any  result,  however  coiTect  it  may  be,  unless  the 
work  be  shown,  so  as  to  enable  the  Examiners  to  satisfy  them- 
selves that  the  candidate  has  understood  the  question,  and  to 
see  by  what  process  the  result  has  been  obtained. 
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Anything  wbich  you  do  not  wish  the  fexamilierS  to  liotioo 
should  be  crossed  out  with  the  pen. 

A  table  of  logarithms  must  not  be  used  in  working  these 
papers.  All  the  logarithms  needed  will  be  found  on  the  accom- 
panying paper. 

Unless  you  eacvressly  state  tlie  eontraryi  it  will  be  assunted  iiiai 
you  have  read  Geometry  in  UucUd,  and  you  rcill  he  expected  to 
follow  EucUd^s  sequence,  OtkeficUey  ^ou  must  stale  what  teat 
book  you  have  used  in  geometry. 

The  examination  in  this  subject  lasts  for  thftc  and  a  half  hours. 


1  .     '  (  I 
Mathematics,  First  Stage. 


Instructions. 
Head  the  General  Instructions  above. 

The  paper  is  divided  into  three  sections.  'S^ou  iare  not  to 
answer  more  than  thi'ee  questions  in  auy  one  section,  and  not 
more  than  eight  questions  altogether.  No  student  can  bo  passed 
who  fails  to  obtain  marks  in  any  one  section. 

The  number  of  marks  assigned  to  eiich  question  is  given  in 
brackets. 


A. 

1.  Simplify: — 

(6.)  (00011  X  0-091  -4-  00036)  +  (0016  x  0607  -4-  0-39). 

2.  Extract  the  square  root  of  0029  to  five  places  of  decimals, 

and  the  cube  root  of  2.248,091. 

The  volume  of  a  cubical  block  is  2248091  cubic  feet; 
flad  the  area  of  one  of  its  faces.  (10.) 

3.  Find  the  value  of  2  tons  3  qrs.  22  Ibse  of  goods  at  £8  Ids,  Sd. 

per  cwt.  (8.) 

4.  Find  (a)  the  value  of  7J  per  cent,  of  £125  4ff.  idi,  and 

(5)  what  |)rofit  per  cent,  is  made  when  £7  4^.  1]^.  are 
gained  by  an  outlay  of  £123  6s,  Sd.  (10.) 

5.  Divide  £3  ISs,  4d.  among  three  persons,  A,  !b,  C,  so  that  B 

inay  receive   seven-eights  as  much  as  A^  and  C  five 
shillings  more  than  B.  (10.) 

8.  A  m^tre  being  equal  to  39-371  inclies,  and  a  franc  t)ein|^ 
equal  to  9*38  pence,  what  is  the  value  in  English  money 
of  a  yard  of  silk  worth  7|  francs  a  m^tre  ^  (10.) 
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B. 

\  t 

7.  If  yon  Had  a  raler  and  a  pair  .of  compasses,  how  wonld  yoa 

bisect  a  given  finite  straight  line  r^ 

Prove  tiiat  the  metliiod  yoii.eiiiploy  is  correct! 
In  the  triangle  ABO  tfcle  side  A^  is  {^r^dler  tfen  AC ; 
find  a  point  D  in  AC  producecl,  such  that  AD  Inay  be 
as  much  greater  than  AC  as  AB  i^  ^eatef  thii^h  AD. 

(10.) 

8.  Show  that  any  two  sides  of  a  triangle  are  togeiiher  greater 

than  the  third  side. 

In  the  triangle  AMC  the  side  AB  is  greater  than  AC, 
produne  BA  to  D,  making  AD  equal  to  AC,  and  join 
DC ;  show  that  the  angle  DCB  is  greater  than  a  right 
angle.  (10.) 

9.  Sho^  that  the  straight  lines,  which  join  the  extremities  of 

two  equal  and  parallel  straight  lines,  towards  the  same 
parts,  are  themselves  equal  and  parallel. 

In  the  triangles  ABC,  DEP,  the  side  AB  is  equal  and 
|)aiiillel  to  DE,  and  BC  is  equal  and  parallel  to  EF; 
show  that  AC  is  equal  and  parallel  to  DP.  (14.) 

10.  Show   how   to  describe    a   parallelogram,   wliicii   shall   be 

equal  to  a  given  triangle,  and  have  an  angle  equal  to  a 
given  angle. 

A  triangle  ABC  is  equal  to  a  rectangle  DEFG ;  the 
side  DE  equals  half  the  base  BC :  show  that  the  peri* 
meter  of  the  rectangle  is  less  than  that  of  the  triangle. 

(12.) 

11.  Define  a  square,  a  rhombus,  and  a  quadrilateral.. 

If  a  quadrilateral  has,  its  diagonals  at  right  angles  to 
each  other,  show  that  the  sum  of  the  squares  on  iwo 
opposite  sides  equals  the  sum  of  the  squares  on  the  other 
two  ppposites  sides.  0-^-) 

12.  In  the  triangles  ABC  the  angles  at  A  and  C  are  each  half  a 

right  angle  ;  AD  is  drawn  bisecting  the  angle  at  A  and 
meeting  BC  in  D ;  show  that  the  square  on  DC  is  double 
the  square  on  BD.  (1^0 

C. 

13.  If  2a;  =  3  and  y  =  —  04,  find  the  values  of  the  following 

expressions : — 

(a.)  20(fl!  -  2i,Xx  +  iy),  (h.)  ^^, 

1       1 

(c.)  r^i  i^-)  *y  (12.) 

(ff         y 

(3367)  c  2 


Digitized  by  VjOOQIC 


(a.) 


36  v.— PUBE  MATHEMATICS,  STAGES  1,  2,  &  3. 

14.  Write  down  the  following  ezpressionfi  iu  factors : — 

(a.)  «8  ^-  7«  -  30,  (6.)  Kkfl  -  40jjya, 

(c.)  aj«  +  oj^  4-  «y«  +  y».  (9.) 

15.  Divide    6aj*  +  a^y  +  2aj8  -  12y«  -f  37y  -  28    by    2a?  + 

3y  —  4,  and  verify  your  result  by  putting  a;  =  2,  y  =  —  1 
in  divisor,  dividend,  and  quotient.  (10.) 

16.  Solve  the  equations : — 
'    '   |(2«  +  l)-i(«-2)=a5-24Y. 

l-36aj  +  Oly  =  122. 

|_^  =  175.  (12.) 

17.  The  numerator  of  a  certain  fraction  is  4  less  than  the 

denominator;  if  10  be  subtracted  from  the  numerator, 
or  if  30  be  added  to  the  denominator,  the  resulting 
fractions  would  be  equal ;  find  the  original  fraction. 

(14.) 

18.  A  man  employs  thirty  men  and  twenty  women,  and  pays 

them  £8  17«.  6d.  a  day,  each  man  receiving  the  same 
wages,  and  each  woman  the  same  wages.  If  he  had 
employed  two  more  men  and  two  fewer  women,  he  would 
have  paid  £9  3«.  6^^.  a  day ;  find  how  much  he  paid  each 
man  and  each  woman.  (14.) 


Mathematics,  Second  Stage. 

Instructions. 

Bead  the  General  Instructions  on  the  first  page. 

The  paper  is  divided  into  three  sections.  You  are  not  to 
answer  more  than  three  questions  in  any  one  section,  and  not 
more  than  eight  questions  altogether.  No  student  can  he 
passed  who  fails  to  obtain  marks  in  any  one  section. 

The  number  of  marks  assigned  to  each  question  is  given  in 
brackets. 

A. 

21.  Reduce  the  following  fraction  to  its  simplest  form : — 

g'  —  5g«  —  8g  +  12 
25*  -  7x^  -r  7a5«  -  7aj  +  6 ' 

and  find  its  numerical  value  to  five  places  of  decimals 
when  «  =  1  +  v^3.  (15.) 

22.  Simplify  the  following  expressions  : — 

(a.)   y(52-7v^l2), 

a  ^  1  -  v^2  -^  v^3       1-  ^2-^3  ., ,  . 

^"^•^  rr72TV3  ■"  l  +  v/2-v/3  "  ^^^'^ 
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23.  Find  the  yalues  of  x  which  satisfy  the  equations : — 

(a.)     6aj8  -  13x  +  6  =  0 

(6.)  2x  -  y  (a^  +  4)  =  3. 
After  solving  equation  (&),  show  bj  direct  substitution 
that  one  of  the  values,  which  you  have  found,  satisfies 
the  equation.  (25.) 

24.  The  price  of  one  kind  of  sugar  is  2$.  8d.  per  cwt.  more  than 

that  of  another  kind,  and  £1  will  purchase  20  lbs.  less  of 
the  first  kind  than  of  the  second ;  find  the  price  per  cwt. 
of  each  kind  of  sugar.  (^.) 

25.  If  the  triplicate  ratio  ofajtoo^  +  J^islto  1*728,  what  is 

the  ratio  of  xtoy?  (15.) 

26.  Six  gallons  of  wine  are  drawn  from  a  cask,  and  replaced 

by  six  gallons  of  water ;  six  gallons  of  the  mixture  are 
then  drawn,  and  replaced  by  six  gallons  of  water.  If  the 
quantity  of  wine,  now  in  the  cask,  be  to  the  quantity  of 
water  in  it  as  81  to  19,  find  how  much  wine  there  was  in 
the  cask  at  first.  (25.) 

B. 

27.  If  a  straight  line  is  bisected  and  produced  to  any  point, 

show  tluit  the  rectangle  contained  by  the  whole  line  thus 
produced,  and  the  part  produced,  together  with  the 
square  on  half  the  line,  is  equal  to  the  square  on  the  line 
made  up  of  the  half  and  the  part  produced. 

In  a  right  angled  triangle  show  that  the  square  on  the 
perpendicular  equals  the  rectangle  under  the  lines  which 
are  seyerally  equal  to  the  sum  and  difference  of  the 
hypotenuse  and  base.  (20.) 

28.  If  equal  straight  lines  (AP,  AQ)  be  drawn  from  a  point  A 

to  a  given  straight  line  of  indefinite  length,  and  if  a 
third  straight  line  AR  be  drawn  from  A  to  a  point  B  in 
the  given  straight  line,  show  that  ABr  is  shorter  or  longer 
than  AP,  according  as  B  is  between  P  and  Q  or  not. 
What  property  (3  the  circle  follows  from  this  theorem  ? 

(20.) 

29.  Show  that  the  opposite  angles  of  any  quadrilateral  inscribed 

in  a  circle  are  together  equal  to  two  right  angles. 

Two  given  circles  intersect  in  A  and  B ;  on  the  circum- 
ference of  one  of  them  take  any  two  points  G  and  D,  and 
let  CA,  BD,  produced  if  necessary,  cut  the  other  circle 
again  in  E  and  F.  Show  that  the  lines  CD  and  EF  are 
parallel.  (25.) 

30.  Show  that  the  lines,  drawn  from  a  point  outside  of  a  circle 

to  touch  the  circle,  are  equal. 

Show  that  the  hypotenuse  of  a  right  angled  triangle, 
together  with  the  diameter  of  the  inscribed  circle,  equals 
the  sum  of  the  sides  containing  the  right  angle. 

(20.) 
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31.  P  is  any  point  in  the  diameter  AB  of  a  given  circle ;  bisect 

AP  in  D,  PB  in  E,  and  DE  in  C  ;  with  centre  C  and 
radins  CD  describe  a  circle ;  throngh  P  draw  any  line 
PQR  cutting  this  circle  in  Q  and  the  given  circle  in  R. 
Show  that  PQ  is  eqnal  to  QR,  and  t)iat  the  tangent  at  Q 
to  the  inner  circle  is  parallel  to  the  tangent  at  R  to  the 
oater  circle.  (30.) 

32.  Show  how  to  construct  a  rectangle  which  shall  be  eqnal  to 

'a  given  sanare,  and  have  the  difference  between  two 
adjacent  sides  equal  to  a  given  straight  line.  (20.) 

0. 

33.  State  and  prove  the  rule  for  finding  the  charaoteristic  of 

the  logarithm  to  the  base  10  of  a  given  nnmb^.  y^rito 
down  the  logarithms  of  2736*7  and  00273G7. 

Fipd  log.  tan  So"*  15'  43"  and  ^he  nnpierical  yalue  of 
^(isin  44').  (20.) 

34.  What  are  the  numerical  values  of  a  right  angle  in  circular 

measure  and  in  sexagesimal  measure  F 

Find  in  circular  measiire  the  numerical  value  of  an 
angle,  which  in  sexagesimal  measure  is  37*  15'. 

The  radius  of  f^  circle  being  105  feet,  find  the  length 
pf  the  arc  which  subtends  an  angTe  of  S7  15'  at  the 
centre.  ...  ^^^ 

35.  Show  how  to  copstruct  an  angle  of  45*,  and  fip^  from  the 

constuction  the  sine,  cosine,  tangenj:,  and  co^ngent  of  45°. 
Show  how  to  construct  an  angle  pt  llj^^  *^nd  find  from 
the  construction  t]ie  sine  of  15*.  (20.) 

30.  Show  that  in  any  triangle  the  sides  are  propprtional  to  the 
sines  of  the  opposite  angles. 

AB  is  a  lino  2,000  feet  long;  B  is  due  east  of  A ;  at  B 
a  distant  point  P  bears  46*  W.  of  norfh ;  at  A  it  bears 
8^  45'  E.  of  north  ;  find  the  distance  from  A  to  P. 

(25.) 

37.  Write  4own  formi^laB  for  the  va|ues  of  the  sine,  cosine,  and 

tangent  of  the  half  of  any  one  of  the  angles  of  a  triangle 
whose  sides  are  given. 

If  the  sides  of  the  triangle  are  7,  8,  and  9  units  lon^, 
find  the  sine  of  half  the  smallest  angte,  and  the  angle 
itself  to  l^ho  nearest  second.  "  (25.) 

38.  TJie  angular  elevation  of  a  tower  ut  a  certain  station  is  A  ; 

at  another  station,  in  the  same  horizontal  plane,  and  a 
feet  nearer  the  tower,  the  angular  elevation  is  1)0°  —  A  ; 
if  &  be  the  height  of  the  tower  above  the  horizontal 
plane,  show  that 

h(l  —  tan^  A)  =  a  tan  A. 
Calculate  hy  when  A  =  30**  and  a  :==  JOO  feet 

(25.) 
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MatJiematicSy  Third  Stage. 

Instructions. 

Head  the  General  Instrnctioas  on  the  first  page. 

Yon  mnst  confine  yonr  answers  entirely  to  Sections  A  and  B, 
-or  to  Sections  A  and  G ;  and  yon  mnst  not  answer  more  than 
four  questions  in  either  section. 

Yon  mnst  not  answer  n^ore  than  eight  qnestions  altogether. 

The  number  of  marks  assigned  to  each  question  is  given  in 
brackets. 


41.  What  is  the  meaning  of  a"*,  when  wt  is  a  positive  whole 

number  ?     Bearing  the  definition  in  mind,  explain  how 
a  meaning  is  assigned  to  the  symbols  a^^  and  a-^. 
Find  in  a  decimal  form  the  numerical  value  of  (|)  '^'. 

(35.) 

42.  Solve  the  equations  : — 

2w  —  y«  =  4,    2«  —  5faj  =  9,    2aj  —  ajv  =  16. 

(^0.) 

43.  The  ^th,  gth,  rth,  and  «th  terms  of  an  arithmetical  progres- 

sion are  in  geometrical  progression ;  show  that  |?  —  J, 
^  —  r,  and  r  —  «  are  in  geometrical  progression. 

Find  the  quadratic  equation  whose  roots  are  respec- 
tively a  geometric  mean  and  a  harmonic  mean  between 
those  of  the  equation  a;*  —  So;  -h  9  =  0.  (35.) 

44.  Show  from  first  principles  that  the  number  of  combinations 

of  «  things  r  at  a  time  is  equal  to  the  number  of  com- 
)>inations  of  (n  —  1)  things  r  at  a  time,  together  with  the 
number  of  combinations  of  (n  —  I)  things  (r  —  1)  at  a 
time. 

Find  how  many  words  of  4  consonants  and  %  vowels 
caA  be  formed  from  7  consonants  and  4  vowels.  ' 

•  (40.) 

45.  C  is  the  point  of  contact  of  two  circles,  which  touch  each 

other  internally,  and  CPQ  is  a  straight  line,  cutting  the 
inner  circle  at  P  and  the  outer  circle  at  Q ;  the  tangent 
to  the  inner  circle  at  P  cuts  the  outer  circle  at  A  and  B ; 
show  that  the  arc  AQB  is  bisected  at  Q.  (40.) 

4>.  Two  unequal  circles  intersect  at  A;  show  how  to  draw  a 
straight  line  PAQ,  cutting  the  one  circumference  in  P 
l^nd  the  other  in  Q,  so  that  PA  mav  eanal  AQ.     (35.) 
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B. 

47.  Find  geometrically  sin  A  and  cob  A  in  terms  of  sin  |A  and 

cos  iA,  when  A  is  less  than  a  right  angle. 

Show  that  the  formula9  hold  good,  when  A  is  between 

|:and2ir.  (30.) 

48.  Calculate  the  numerical  yalnes  of  the  following  expres- 

sions : — 

(a.)  Cotan  54^  45'  cotan  157**  4S'. 

(6.)  Sin  30°  39'  -  sin  78"  49'.  (35.) 

49.  Show  that  in  any  triangle  ABC  : — 

ABC 

(a.)  Sin  A  +  sinB  +  sinC  =  4co8---cos-  cos  -, 

2         2  Z 

(6.)    C08ii  +  C0B?-  +  C08§.= 

2  2^ 

.       «•  —  A       «-— B       «•— C 

4  cos  — - —  cos  — - —  cos — 

4  4  4 

(r.)  Cos  A  +  cosB  +  cosC  >  1.  (40.) 

50.  ABCD  is  a  quadrilateral  inscribed  in  a  circle,  and  the  sides 

AB,  BC,  CD,  DA  are  denoted  by  a,  6,  c,  d;  show  that — 

(*  -  h)  tan^  =  («  -  t^)tan  J, 

where  b  denotes  the  semiperimeter.  (35.) 

51.  If  B  denotes  the  radius  of  a  circle  circumscribing  a  triangle 

ABC,  show  that 

R(a«  +  13  ^.  c^)  —  a6c(cotanA  +  cotan  B  +  cotan  C), 

(35.) 

52.  An  equilateral  triangle  ABC,  whose  area  is  denoted  by  A,  is 

divided  into  two  triangles  by  a  line  drawn  through  A ; 
the  perpendicular  distances  from  this  line  of  B  and  C  are 
jp  and  q  respectively ;  show  that 

i>« +  i>g  +  3^  =  A-v/3.  (40.) 


C. 

63.  Show  that  the  angles  at  the  base  of  an  isosceles  spherical 
triangle  are  equal. 

If  a  spherical  triangle  is  isosceles,  show  tliat  its  polar 
(or  supplemental)  triangle  is  also  isosceles.  (30.) 
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54.  Show  geometrically  that  the  sines  of  the  angleq  of  a  spherical 

triangle  are  proportional  to  the  sines  of  the   opposite 

Given  A  =  136^  a  =  155"  65',  h  =  144"  45',  find  B. 

(35.) 

55.  In  a  spherical  triangle  ABC,  show  that : — 

(a.)  Cos  C  +  cos  A  cosB  =  0,  if  c  =  90°. 
(6.)  Sin  a  =  sin  A  sin  c,  if  C  =  90°. 

In  a  spherical  triangle  (ABC),  if  C  be  aright  angle, 
and  A  have  a  fixed  value  less  than  a  right  angle,  while 
the  other  parts  vary,  show  that  the  difference  between  h 
and  c  is  a  maximum,  when  their  sum  is  equal  to  a 
quadrant.  (40.) 

56.  ABC  is  a  spherical  triangle ;  calculate  the  angle  A  when — 

(a.)  C  =  90^    B  =  45%      c  =  120% 

(6 )  C  =  90°,     h  =  135%    c  =  120%  (30.) 

57.  Demonstrate  Napier's  Analogies. 

ABC  is  a  spherical  triangle ;  given  c  =  60°,  A  —  75% 
B  =  15°;  find  a  and  6.  (40.) 

58.  Having  given  a  small  circle,  whose  spherical  radius  subtends 

an  angle  of  60°  at  the  centre  of  the  sphere,  and  a  great 
circle,  whose  pole  is  on  the  circumference  of  the  small 
circle,  find  to  the  nearest  second  the  angle  subtended 
at  the  centre  of  the  sphere  by  the  common  chord. 

(35.) 


Honoturs  EzaminatioxL 

Instructions. 


Bead  the  General  Instructions  on  the  first  page. 
You  may  not  answer  more  than  ten  questions. 
The  same  value  is  attached  to  each  question. 


61.  Take  any  points  E  and  F  in  the  sides  AC,  AB  of  a  triangle 

ABC  ;  join  EF,  and  draw  from  A  a  straight  line,  passing 
through  the  middle  point  of  EF  and  cutting  BC  in  D ; 
show  that 

CA.AF.BD  =  BA.AE.CD. 

62.  C  is  the  centre  and  AB  the  diameter  of  a  semicircle  ADEB  • 

the  tangent  at  D  intersects  the  tangents  at  A  and  E  in  F 
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and  G,  respectively ;  AE  and  CQ  intersect  in  H ;   show 
that  FH  is  perpendicular  to  CGr. 

63.  ABC  is  an  equilateral  triangle ;  a  circle  intersects  A6  in  D, 
AC  in  E,  and  BO  prodaoed  in  F ;  it  also  intersects  AC, 
AB,  CB,  all  produced  in  G,  H,  and  K,  respectively ; 
show  that 

A|)  t  ^f  +  Cp  ==  4 P  +  Bq  f  CI'. 

Find  the  corresponding  resuU,  when  all  the  vertices  of 
an  equilateral  triangle  are  inside  a  circle,  which  intersects 
\he  sides  of  the  triangle  produced  both  ways. ' 

6^.  4^,  Ay  are  |wo  |ine§  ^t  rig]it  aiigles  ^o  eac]i  pther,  and 
witfiin  the  ang|e  xAy  a  circle  of  given  radius  is  drawn  to 
touch  'Ax  and  Ay ;  find  points  P  and  Q  in  I^x  ^|id  Ay  such 
tliat  the  straight  line  PQ  is  of  given  ^length  and  touches 
the  circle  on  the  side  reiiiote  frotai  A.*  What  is  the  least 
admissibje  length  of  PQ  f 

65.  ][f  a  -H  6  +  c  =  P,  show  t}ia|> 

g^  4-  6^  4-  c'  _  o*^  t  i>?  t  g*     g%  t  ^'  t  g! 
7  ?  ?  ' 

If  o»  -f  6»  +  c»  =  (o  -f  5  +  c)»,  show  that— 

a»-+i  +  hu^i  +  c»«+*  =  (a  f  6  +  c)'-+', 
lyher^  fi  i^  9>J^J  positive  ini«ger. 

66.  If   a,  6,  c,  d,  e  are  unequal  positive  numbers,  show  that 

(a4-&  +  c  +  ei+e)-^5  >\ahcde)K  " 

67.  Eliminate  x  from  the  equations  — 

3a;  —  2jb»  =  o 
(1  +  2.^•2)y(l-.a;2)  =5. 

68.  Obtain  the  law  of  formation  of  the  convergents  to  a  coi- 

tinued  fraction,  and  show  that  any  convergent  is  neai-cr 
to  the  continued  fraction  than  any  other  fraction  which 
lias  a  smaller  denominator  than  that  of  the  convergent. 


y  = 

1       1       1 

2a+  86+  a<?  t  '  ■     • 

?  = 

1        1          1 

<ia+  '6b  +  '6a+    '  '  ' ' 

show  that — 

»(y»- 

-«S)+aK*»-a>»)+3«(a»- 

.y»)  = 

0 

Digitized  by  VjOOQIC 


v.— PURE  MATHEMATICS,  STAGES  1,  2,  &  3.  43 

69.  If  sin^^  =  sin  (A  —  0)  Biii(B  -  6)  Bia(0  -  0), 

where  A  +  B  +  C  =  w, 

show  that 

cotan  0  =  cotan  A  +  cotan  B  +  cotan  0. 

70.  In  a  given  circle  equal  chords  of  given  length  are  drawn, 

containing  a  given  angle;  s apposing  them  to  intersect 
within  the  c^*cle,  and  to  meet  the  circumference  at  A,  C, 
B,  D,  find  the  sides  of  the  quadrilateral  ABOD. 

Also  find  the  results  if  the  chords  intersect  outside  the 
circle. 

71.  P  is  anj  point  on  the  line  bisecting  at  right  angles  one  of  the 

n  sides  of  a  regular  polygon  inscribed  in  a  circle ;  show 
that  the  product  of  the  distances  of  P  from  the  angular 
points  is  «»  +  /3*,  where  »  +  A  and  «  —  /3  are  the  dis- 
tances from  the  middle  points  of  the  larger  and  smaller 
arcs,  cut  oS  by  that  side. 

72.  Write  down  sin  0  and  cos  0  in  factors. 

If  »  is  a  very  large  number,  b)iow  that — 


^/•■ 


(2n  -f  l)y  ^       2  .  4  >  g  .  8  .  .  .  2ii 
2  l.<$.6.7...:fin— i 


73.  ABC  is  a  plane  triangle  in  which  a  is  less  than  b ;  assuming 

'  the  exponential  expressions  for  the  sine  and  cosine  of  an 
angle,  show  that 

A  =  ^sinC  +   p^8in2C  +  ;^,Bin3C  +  .  .  .  . 
0  2o'  36* 

^  cosnA  =  1  +  n%osC  +  <!LL}1  .  «'  .  co82C  + 

74.  Find  an  expression  for  the  radius  of  the  small  circle  circum- 

scribing a  given  spherical  triangle. 

If  II  and  R'  are  the  radii  of  fhe  small  circles  circum- 
scribing a  spherical  triangle  (ABC)  and  its  polar  trianglo 
show  ^Uat 
cotan  R  cotan  R'  =  4sin  |A  sin  ^B  sin^C  cos  |a  co8^5  cos  ^. 

75.  Show  that  the  area  of  a  spherical  triangle  (ABC)  is  to  that 

of  half  the  surface  of  the  sphere  on  which  it  is  described, 
as  the  spherical  excess  (E)  is  to  four  right  angles. 

Let  the  great  circle  through  M,  N,  the  middle  points  of 
AC,  AB,  meet  BC  produced  in  P ;  from  the  arc  PB  cat 
off  PX  equal  to  ^a,  and  from  PN  cut  of  PY  equal  to 
MN ;  show  that  X^  equals  ^E,  and  that  if  the  area  of  the 
triangle  /iBC  be  oue-i'ourth  of  the  area  of  the  sphere,  the 
arcs  joining  the  middle  points  of  its  sides  are  each 
quadrants. 
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76.  A  solid  angle  at  P  is  confained  by  three  plane  angles,  viz., 
BPC  =  CPA  =  OL  and  APB  =  7;  O  is  a  point  in  PC  ; 
with  centre  O  and  radius  OP  describe  a  sphere,  and  sup- 
pose that  A,  B,  0  are  on  the  surface  of  the  sphere ;  join 
BG,  C A,  AB  by  arcs  of  great  circles ;  show  that 


cos  A  = 


cos  2a  sin  \vf 


sinav/(l  —  4  cos*flBin*^7 


Tables  required. 


Angle. 

Log.  Sin. 

Angle. 

Log.  Tan. 

0   / 
24   5 

9-610  7263 

0  1 
22  12 

9-610  7686 

6 

1  0118 

13 

1  1196 

35  15 

9-761  2851 

35  15 

9-849  2536 

16 

4638 

16 

5216 

44   0 

9-841  7713 

63  26 

10-300  9994 

54  44 

9-911  9422 

27 

1  3153 

45 

2  0315 

79  15 

9-992  3106 

16 

3346 

Number. 

Logarithm. 

2 

301  0300 

3 

477  1218 

17012 

230  7554 

3 

7809 

17317 

238  4727 

^2  = 

:  1-414214 

8 

4977 

^/3  = 

=  1-732051 

23560 

372  1753 

1 

1937 

27367 

437  2272 

61406 

788  2108 

7 

2179 
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SUBJECT  V.     PUAE   MATHEMATIOS,    STAGES 

4  and  5. 

BxAMiNBR,  P.  T.  WRIGLEr,  Esq.,  M.A. 


General  Instbugtions. 
If  the  roles  are  not  attended  to,  the  paper  will  be  cancellecL 

Yon  are  permitted  to  answer  questions  from  the  Fourth  Stage, 
or  from  the  Fifth  Stage,  or  from  the  Honoars  paper,  bat  yon 
mnst  confine  yourself  to  one  of  them. 

Pat  the  number  of  the  question  before  your  answer. 

The  figures  in  descriptive  geometry  should  not  only  be  con- 
structed with  ruler  and  compasses,  but  the  construction  should 
in  all  cases  be  explained  and  its  accuracy  demonstrated. 

Ton  are  to  confine  your  answers  strictly  to  the  questions, 
proposed. 

Your  name  is  not  given  to  the  Examiner,  and  you  are  for- 
bidden to  write  to  him  about  your  answers. 

The  examination  in  this  subject  lasts  for  three  hovrs. 


Fourtli  Stage.— Subjects :  Flane^  Solid|  and  Descriptiye 
Geometry  and  Geometrical  Conies. 

Instructions. 

You  are  not  permitted  to  attempt  more  than  eight  questions, 
and  may  select  them  from  any  part  of  the  paper. 

The  values  attached  to  the  questions  are  shown  in  brackets. 


1.  Inscribe  a  regular  pentagon  in  a  given  circle,  and  in  the 

pentagon  inscribe  a  regular  figure  of  ten  sides,  having 
its  alternate  sides  coincident  with  the  sides  of  the  penta- 
gon. (16.) 

2.  In  the  triangles  ABC,  DEF,  the  angle  ABC  is  equal  to  the 

angle  DEF  and  the  sides  about  these  angles  are  propor- 
tional :  show  that  the  angle  BAC  is  equal  to  one  of  the 
two  angles  EDF,  DFE,  and  give  the  ratio  of  the  third 
sides  of  the  two  triangles. 

MPQ,  NPR,  are  two  intersecting  circles  such  that  tho 
sc^m  of  the  3qnares  on  their  radii  is  equal  to  the  square  on 
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the  distance  between  their  centres.  Show  how  to  draw  a 
straight  lihb  MPN  such  that  thd  rectangle  MP»  PK  shall 
be  equal  to  a  given  square.  (18.) 

3.  When  are  quantities  said  to  be  in  continued  proportion  ? 
Divide  a  given  dnite  straight  line  intb  twd  parts  such 
that  the  whole  line  and  the  two  parts  shall  be  in  con- 
tinned  proportion. 

The  perpendlctllal*  let  lall  thith  tne  right  angle  to  the 

BP,^??",«  ?^K^.q5^*  *,^?«^  .^^s\i  divides  ^^.  ^^^ 

Kiean  and  extreme  ratio:  show  thafc  tne 


;ias6  m  mean  and  extreme  ratio :  show  thafc  tne  three 
sides  of  the  triangle  are  in  continued  proportion. 

4.  When  is  a  line  said  to  be  perpendicular  to  a  plane^  and 
when  parallel  to  the  plane  r 

Prom  a  ^lireii  |)oint,  how  ihaiiy  lines  ban  be  drawn 
perpendicular  to  a  given  plane^  and  how  manj  parallel  to 
that  plane  ? 

The  angle  B  of  the  triangle  ABC  is  a  right  angle :  P 
is  a  point,  not  in  the  plane  of  the  triangle,  and  equi- 
distant from  A,  B,  and  G :  if  a  straight  line  PD  bisect 
AC,  prove  that  PD  is  perpendicular  to  the  plane  ABC. 

6.  Prove  that  the  volume  of  a  pyramid  is  one-third  the  volume 
of  a  prism  oil  the  same  base,  and  of  the  sUttie  altitude. 

Two  planes  are  drawn  parallel  to  the  base  of  a  given 
cone  so  as  to  trisect  its  altitude ;  find  the  volume  of  the 
frustum  intercepted  between  these  planes.  (18) 

6.  Show  that  the  area  of  the  surface  of  a  sphere  iS  iour  timeS 

the  area  of  k  plane  central  section. 

C  is  the  middle  point  of  the  arc  ADCEB  of  a  semi- 
circle whose  diameiet  AB  is  12  inches  in  length:  the 
perpendicular  distances  from  AB  of  th^  points  J)  and  £ 
are  3  and  2  inches  respectively ;  join  i)E,  and  find  the 
area  of  the  surface  generated  by  the  revolution  of  the 
segment  DCE  about  AB.  (20.) 

7.  Having  given  the  traces  of  a  plane,   both   of  which  are 

oblique  to  the  axis,  and  also  the  projections  of  two 
points,  one  on  each  side  of  the  plane ',  fend  the  tiaces  of 
the  line  joining  these  poinis,  and  the  point  where  this 
line  meets  the  given  plane.  (1^6.) 

8.  Having  given  the  traces  of  a  plane  which  cuts  the  axis  and 

is  not  perpendicular  to  either  plane"  of  projection,  also 
the  horizontal  projection  of  a  point  on  the  plane ;  find 
the  traces  of  two  planes  which  shall  pass  through  this 
point  and  be  perpendicular  to  each  other  and  to  the  given 
plane.  (18.) 

9.  If  two  of  the  plane  ^angles  of  a  trihedral  angle  ore  g^ven, 

and  also  the  dihedral  angle  Detween  the  planes  of  these 
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two ;  sHow  liow  to  constracfc,  by  descriptive  geomefrv, 
the  third  plane  angle,  and  one  oi  ihe  othelr  Mo  dj^'^'^^nl 
angles.  (1^0 

10.  If  tlie  tangents  at  any  two  points  P,  Q,  on  a  parabola  inter- 

sect at  T,  and  §  be  tlie  focus ;  show  that  tke  itianglfei 
SPT,  SQT  are  similar,  and  that  ST  is  a  mean  propor- 
tional between  SP  and  SQ. 

P  is  any  point  on  the  common  tangent  of  two  given 
parabolas  which  have  the  same  focus ;  if  SM,  SN  be  the 
perpendicularis.  let  fall  on  the  two  iitlier  tangents  drawn 
from  P,  show  tUat  SM  and  SN  are  in  k  constant  ratio. 

(20.) 

11.  If  CP,  CD  be  conjugate  semi-diametera  of  aii  ellipse^  Ani 

S,  H  the  foci,  prove  SP  .  HP  =  CD'. 

Having  given  the  sum  of  ihe  distances  of  a  point  P 
from  two  fixed  points,  and  also  the  rectangle  contained 
•by  these  distances ;  determine  the  position  of  P. 

(20.) 

12.  A  and  B  are  two  fixed  points,  and  P  is  a  moving  point  such 

that  the  difference  of  the  distances  PA,  PB,  is  constant ; 
Bhow  that  the  perpendicular  distance  of  P  flx>m  a  certain 
fixed  straight  line  is  in  a  constant  ratio  to  PA. 

If  an  ellipse  and  a  hyperbola  have  the  samd  foci,  show 
that  the  curves  cat  each  other  orthogonillly.  (18.) 


Filth  Sta^ei. — Sabjects :  l>escripiive  beometrt^  Spherical 
Trigonometry^  Co-ordinate  Geometry  of  two  and  of 
three  dimensions. 

Instbugtions. 

Bead  the  General  inatractio&B  hi  the  he^  ot  the  Fourth 
Stage  Paper. 

You  are  not  permitted  io  attempt)  more  than  eight  questions, 
And  may  select  them  from  any  part  of  the  paper. 

The  marks  assigned  to  the  questions  are  shown  In  brackets.  J| 


21.  A  sphere  of  given  radius  rests  on  tHb  hoHzoiiial  plaiib  at  a 
given  point :  the  sphere  is  envieloped  by  a  cylinder,  the 
vertical  trace  of  whose  axis  is  giveh.  Find  the  curve  in 
which  the  cylinder  meets  the  horizontal  plane. 

(30.) 

2i,  A  ii'ight  cone  on  a  circular  base  has  its  axis  inclined  at  given 
angles  to  the  planes  of  projection.    Find  the  form  of  the 
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section  made  by  a  plane,  catting  the  axis  at  a  gi^en 
point,  and  inclined  to  the  axis  at  a  given  angle.  Find 
also  the  projections  of  the  normal  to  the  conical  sarface 
at  any  given  point  of  the  curve  of  section.  (35.) 

23.  ABC  is  a  spherical  triangle :  show  that — 


A+B         c              a+6       C 

C08-^COB2  =  C08-±-8in2, 

•A+B           e             a—b          C 

nU         I         .COSg-COB        2        .C08-. 

and  prove  that — 

' 

6.       a.C  —  B  +  A.         a.t.O+B 

-A 

=  ^| 

(36.) 

24.  ABC  is  a  spherical  triangle :  points  A',  B',  C  are  taken  on 

the  sides  BC,  CA,  AB  respectivelj,  or  on  these  sides 
produced. 

If  sin  AB' .  sinBC .  sinCA'  =  sin  AC  .  sinBA' .  sinCB', 
show  that  either  AA',  BB',  CG^  meet  at  a  point,  or 
A'  B'  C  lie  on  a  great  circle.  (40.) 

25.  Obtain  an  expression  for  the  area  of  a  spherical  triangle 

whose  angles  are  known. 

a,  h,  c  are  the  sides  of  a  spherical  triangle;   having 

given  cos  a  =  cos  h  =  V3  cos  c  =  ■^,  show  that  the 

area  of  the  triangle  is  ^V^h  of  the  surface  of  the  sphere. 

(35.) 

26.  Investigate  the  equation  of   a    straight  line   in   terms  of 

ita  inclination  to  the  axis  of  x,  and  its  perpendicular  dis- 
tance from  the  origin. 

Find  the  equation  of  the  straight  line  which  joins 
the  intersection  of  the  lines  3a;  —  4y  +  1  =  0,  and 
5aj+y  —  l  =  Oto  the  point  (1,3).  Indicate  the  position 
of  these  three  lines  by  a  diagram,  and  find  the  tangent 
of  the  angle  between  the  two  given  lines.  (35.) 

27.  Obtain  the  equation  of  a  parabola,  referred  to  the  axis  of 

symmetry  and  a  line  at  right  angles  to  it,  through  the 
vertex,  as  the  axes  of  co-ordinates. 

Tangents  are  drawn  to  a  parabola,  whose  equation  is 
1/'  —  4ax  =  0  from  the  point  (4a,  6d),  and  the  points  of 
contact  are  joined.  Find  the  aree^  of  the  triangle  thus 
formed.  ^  (35.) 
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28.  Define  conjugate  diameters  of  an  ellipse,  and  show  that  the 

Bam  of  the  squares  of  any  pair  of  coujngate  diameters  is 
constant  in  a  given  ellipse. 

POP',  DCD'  are  any  pair  of  conjugate  diameters  of  a 
given  ellipse.  If  Q  be  the  middle  point  of  PD,  find  the 
locus  of  Q,  and  show  that  the  area  of  the  parallelogram 
PDFD'  is  constant.  (40.) 

29.  Find  the  relations  which  must  exist  among  the  arbitrary 

constants  in  order  that  the  equation — 

ax^  -h  2hxij  +  hy"  -f  2^aj  +  2/y  +  c  =  0 
may  represent  (I)  a  circle  ; 

(2)  a  pair  of  straight  lines  at  right  angles, 
the  axes  of  co-ordinates  being  rectangular. 
Sketch  the  locus  of  the  equation — 

6iB*  —  hy^  —  7ajy  -  4aj  +  Hy  =  2, 
referred  to  oblique  axes  inclined  to  each  other  at  30°. 

(40.) 

30.  Find   an    expression  for  the  cosine   of  the  angle  between 

two  straight  lines  which  make  ft-ngles  a,  /3,  7  and  a',  /3', 
7'  with  the  axes  of  rectangular  co-ordinates. 

What  are  the  conditions  which  must  be  fulfilled  .in 
order  that  the  straiglit  lines 

X  —  a  __  y  —  h  __«  —  c       ,aj  —  a'__y  —  6'_«  —  c' 

"A B C"^'*'~A^  W  C^ 

may  be  (1)  parallel,  (2)  at  right  angles  to  each  other  P 

(36.) 

31.  A  plane  passes  through  the  points  (1,  2,  3,)  (—1,  2,  0) 

(2,  —1,  —1)  the  axes  of  co-oi*dinates  being  rectangular: 
find  the  equation  of  the  plane,  and  the  area  of  the  tri- 
angle included  by  its  lines  of  intersection  with  the  co- 
ordinate planes :  also  find  the  co-ordinates  of  the  foot  of 
the  perpendicular  let  fall  on  this  plane  from  the  origin. 

(35.) 

32.  Prove  that  the    shortest    distance  between  two  straight 

lines  which  do  not  lie  in  the  same  plane  is  perpendicular 
to  each  of  them. 

Find  the  equation  of  the  line  on  which  lies  the  shortest 
distance  between  the  lines 

Find  also  the  shortest  distance  between  them. 

(40.) 
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Honours  Esamlnation. 

Instecctioks. 

Read  tHe  General  lufitractioiiB  at  the  Lead  of  the  Fomtk 
Slage  paper. 

You  are  onlj  permitted  to  attempt  et^ht  qnestioss,  and  maj 
select  them  from  anj  part  of  the  paper. 

The  ralnes  attached  to  the  questions  are  shown  in  brackets. 


41.  Find  the  general  equation  of  a  conic  section  which  passes 

through  the  four  given  points  (1, 1)  (—1, 1)  (2, 0)  (3,-4). 
Show  that  thera  are  two  parabolas  which  fulfil  this  con- 
dition. What  is  the  nature  of  that  conic  through  the 
four  points  which  also  passes  through  the  origin  P 

(60.) 

42.  Prove  that  the   equation   to  the  nine>points  circle  of  the 

fundamental  triangle  can  be  written  in  the  form 


6/J  +  C7  —  oa       C7  +  o»  —  6/3       aa  +  bft  ^  ct^ 

(60.) 

43.  Pairs  of  tangents  are  drawn  to  a  conic  such  that  the  sum 

of  their  inclinations  to  the  transverse  axis  is  a  right 
angle.  Prove  that  the  locus  of  the  point  of  intersection 
of  these  pairs  of  tangents  is  in  general  a  rectangular 
hyperbola,  passing  through  the  focus  of  the  conic. 

(50.) 

44.  If  a  rectangle  circumscribe  a  given  ellipse^  and  if  PQBT  is 

the  figure  formed  by  joining  the  points  of  contact ;  show 
that  PQ  and  BQ  are  equally  inclined  to  any  side  of  the 
rectangle,  and  also  that  the  sum  of  PQ  and  QB  is  con* 
stant  for  all  positions  of  the  rectangle.  (60.) 

45.  What  is  the    condition  that  must  be    satisfied   in  order 

that  the  pair  of  lines  represented  by  the  equation 
ax*  -h  bxy  +  cy*  =  0  may  form  a  harmonic  pencil  with 
the  lines  a'x*  +  Vity  +  c'y'  =  0  ? 

The  common  chord  of  two  equal  circles  is  a  side  of  a 
regular  inscribed  hexagon :  find  the  locus  of  a  point  P 
which  moves  in  such  a  manner  that  the  two  pairs  of 
tangents  from  P  to  the  given  circles  form  a  harmonic 
pencil.  (65.) 
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4.6.  Construct  by  descriptive  geometry  a  rectangular  parallelo- 
fiped,  having  given  the  projections  of  a  line  through  its 
centre  joining  opposite  comers,  and  also  tliat  one  pair  of 
its  fa<;e8  is  parallel  to  the  vertical  plane,  and  another 
pair  parallel  to  the  horizontal  plane,  of  projection. 

Find  the  projections  of  the  circumscribing  sphere,  and 
of  the  sections  made  by  a  plane,  through  the  centre,  at 
right  angles  to  the  given  diagonal.  (6^0 

47.  Find  the  maximum  number  of  double  points  which  a  curve 

of  the  nth  degree  can  possess,  when  it  does  not  resolve 
into  curves  of  lower  dimensions ;  and  show  that,  if  a 
curve  has  its  maximum  number  of  double  points,  the  co- 
ordinates of  any  point  on  the  curve  cau  be  expressed  aa 
rational  algebitiical  functions  of  a  variable  parameter. 

(65.) 

48.  Find  the  general  form  of  the  equation  to  a  <Jone  on  which 

lie  the  three  lines  of  intersection  of  the  co-ordinato 
planes. 

PA,  PB,  PC  are  three  straight  lines  at  right  angles 
to    one    another,    and    P    moves    in    such   a    manner 
that  PA,  PB,  PC  always  touch  the  stirface — 
a*'  -f  hy^  4-  ex"  =  1. 

Find  the  equation  of  the  locus  of  P.  (65.) 

49.  Show  that  the   sections  of  a  quadric  made  by  parallel 

planes  are  similar. 

Find  the  axes  of  the  section  of  the  quadric — 
aV  +  6y-cV=:l  by  the  plane  Aa?  +By  +  Ca? +  D  =  0. 

(60.)    ' 

50.  A  and  B  are  points  on  the  surface  of  the  earth,  which  is 

treated  as  a  sphere  of  radius  R.  Small  circles,  whose 
angular  radii  are  «,  /3  respectively,  are  described  about 
A  and  B  as  poles.  Having  given  the  latitudes  X,  \',  and 
the  longitudes  Z,  l\  of  A  and  B,  find  the  area  of  the 
spherical  surface  common  to  the  two  circles.  (^5.) 
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SUBJECT  V.     PURE  MATHEMATICS, 
STAGES  6  &  7. 

ExAMiNCB,  P.  T.  WRIGLBY,  Esq.,  M.A. 


Genbral  Instructions. 
If  the  rales  are  not  attended  to,  the  paper  will  be  cancelled. 

Ton  are  permitted  to  answer  questions  from  the  Sixth  Stage, 
or  from  the  Seventh  Stage,  or  from  the  Honours  paper,  but  you 
must  confine  yourself  to  one  of  tbem. 

Put  the  number  of  the  question  before  your  answer. 

You  are  to  confine  your  answers  strictly  to  the  questions 
proposed. 

I  our  name  is  not  given  to  tbe  Examiner,  and  you  are  for- 
bidden to  write  to  him  about  your  answers. 

The  examination  in  this  subject  lasts  for  three  hours. 


Sixth  Stage.— Subjects :   Differential  Calenlos  and 
Integral  Calonlue. 

Instructions. 

You  are  only  permitted  to  attempt  eight  questions,  and  may 
select  tbem  from  any  part  of  the  paper. 

Tbe  values  attached  to  tbe  questions  are  shown  in  brackets. 


1.  Define  a  differential  coefficient,  and  give  a  geometrical  illns- 

tration.     Deduce  from   first  principles  the  differential 
coefficients  with  respect  to  2  of  the  following  functions : — 

cos  ooj,  tan-i«r,  5L±a«Jh5  ^3^^ 

at*  +  ax  —  0 

2.  Establish  the  mie  for  differentiating  a  fanction  of  a  fanction. 

Find  —  in  the  following  cases : — 

(1.)    t.  =  log{tRn»(j  +  a!)|. 

(2.)     u=   I. ^==1" 

(3.)    «  =  a».-cos-i  g±l.  (30.) 
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3.  Give  an  expresBion  for  the  remainder  after  n  terms  in  the 

expansion  of  f(x)  by  Maclaurin's  theorem.  Expand  cos  ax 
by  Maclanrin's  theorem,  and  show  that  the  series  is 
convergent. 

Find  the  coefficient  of  x<f  in  the  expansion  of 

log{V^r+^-»}.  (35.) 

4.  Explain  fully  how  to  find  the  limiting  value  of  {(/>(x)]f^\. 

when  X  has  a  value  o  which  makes  (/>(x)  infinite,  and  f(x) 
zero. 

Find  the  limiting  values  of  (x  log  x)  and  of  (x  log  x)'^ 
when  a?  =  0.  (35.) 

5.  Show  how  to  find  the  maxima  and  minima  values  of  /(a;), 

and  how  to  discriminate  between  them. 

At  one  of  the  foci  of  a  level  elliptical  enclosure,  whose 
semi-axes  are  30  feet  and  50  feet  respectively,  stands  a 
flagstaff  60  feet  high,  whose  upper  third  is  painted  white. 
Find  two  points  in  the  major  axis,  one  on  each  side  of 
the  flagstaff,  at  which  the  white  portion  subtends  the 
greatest  angle,  the  eye  of  the  observer  being  at  a  height 
of  5^  feet  above  the  level  of  the  enclosure. 

Find  also  the  points  on  the  minor  axis  where  the 
maximum  angle  is  subtended.  (^O 

6.  Give  a  method  of  tracing  a  curve  systematically  from  its 

equation. 

Trace  the  following  curves : — 

r  =:  a  (sec  ^  —  cos  ^).  (35.) 

7.  Obtain  the  following  indefinite  integrals : — 

f        dx  f dx f        dx 

J  '/c^^^^'  J  sin* X  —  cos^aj'  J  x^/i  «  ^.s  ' 

(35.) 

8.  Explain  what  is  meant  by  a  definite  integral,  and  prove  that 

if  ^(^  =  0(aj),  then  the  definite  integral  of  <t>{x)dx 
dx 

between  the  limits  x^  and  x^  iaf(x^)  —  /(a^). 

Find  the  value  of  P^JE^Ja.  (30.) 

Jo   l+2«  ^      ^ 

9.  What  is  meant  by  a  formula  of  reduction  ? 

Give  a  formula  of  reduction  for  I  sin"  x  cos"*  x  dx^  and 

show  that  I    sini*  0  cos®  ^  c^  =  ?^.  (35.) 

Jo  2** 
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10.  Show  how  to  f.nd  the  area  of  a  curve  when  its  equation  is 

given  (I)  in  rectjvngulnr  co-ordinates,  (2)  in  polar  co-oi-di- 
nates. 

Find  the  whole  area  of  the  curve  whose  equation  is 
a:*  +  y*  +  aS  (x^  -  t/«)  =  0.  (40.) 

11.  Find  the  perimeter  of  the  figure  enclosed  by  the  two  curves 

fly*  =  x^,  and  aj-  ^  4a//. 

Find  also  the  area  enclosed.  (40.) 

12.  Find  the  area  of  the  sorfaco  generated  by  the  revolution 

about    an    asymptote    of    the    arc    of    tbe    hyperbola 
3;3  _  y2  —  ^2  cnt  off  by  the  latus  rectum.  (40.) 


Seventh  Stage.— Subjects :  Differential  Calcttlns,  Into- 
gral  Calculus,  DiferentUl  Equatioiu^  and  Finite 
Pifferences. 

Instructiokb. 

Bead  the  Genei^l  Instructions  at  tbe  head  of  the  Sixth  Stage 
paper. 

You  are  only  permitted  to  attempt  eight  questions,  and  may 
Select  them  from  any  part  of  the  paper. 

The  values  attached  to  the  questions  are  shown  in  brackets. 


21.  Having  given  y  =  (t>{z  +  ^f(y)}^  where  x  and  z  are  inde- 

pendent variables,  establish   Laplace's  theorem   for  the 
expansion  of  F(^)  in  a  series  of  ascending  powers  of  x. 
Deduce  the  expansion  of  cos  2y  in  powers  of  x,  having 
•     given  y  =  j5  —  aj.cos  y.  (45.) 

22.  In  the  equation  x^  — -  —  2xy  -— —   -f  y^  -—^  =  0  change  the 

dy^  dxdy  dx^ 

independent  variables  from  .t,  y,  to  ;?,  ^,  where  r  =  f  "^■- , 

CCOS^  /KA\ 

V  =  -^-.  (^0) 

23.  P  is  any  point  within  a  given  closed  oval  curve :  show  that 

the  difference  in  area  between  the  pedal  of  the  curve  and 
the  pedal  of  its  evolute,  in  each  case  with  respect  to  P, 
is  equal  to  the  area  enclosed  by  the  given  curve.     (45.) 

24.  Show  that  I —  dr  = ,  where  m  and  » 

J«l+-^^  2«sin2!!L±l, 
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are  positire  integers,  and  m  less  thann;  and  deduce  that 


r(«)r(i  -  n)  = 


Sin  TUT 


(55.) 


25.  Find  the  area  of  that  portion  of  the  surface  of  the  sphere 

ic^  +  y^  +  «*  =  2(»  which   is  intercepted   by  the  cone 
23  =  aH^  +  %2.  (50.) 

26.  If  /(»,  y)  and  0(a?,  y)  are  one- valued  functions,  showr  that 

the  equation 

/(«,y)^-0(«.y)  =  o 

can  have  onlj  one  independent  primitivCj 
Solve  the  following  equations  : — 

(1.)     ^= t. 


i,-^^^) 


(2.)  ^  =  _?Ki_. 


(45.) 


27.  Show  that  the  complete  solution  of  a  linear  differential 
equation  consists  of  a  particular  integral  and  a  comple- 
mentary function.  How  many  arbitrary  constants  appear 
in  the  solution  ? 

Solve  the  equation — 


28.  Solve  the  following  simultaneous  differential  equations : — 

(1.) 


(2.) 


dt 


dz* 


+  2x  -  24y  +  U  =  0  ^ 


\     (45.) 


29.  Show  how  to  solve  the  partial  difPerential  equation  of  the 
first  order  0  (i?,  5)  =  0  in  which  the  variables  do  not 
6xplioitiy  oocnr.  SoIvb  jj^  «^-  j*  =s  5pj,  and  give  tfee 
geometfioai  inteipretatioD.  '  (55.) 
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80.  Define  the  gjmbol  of  operation,  E,  in  Finite  Differences,  and 
show  that  it  obeys  the  three  fundamental  laws  of 
Algebra :  hence  show  that 

A"i«»  =  Ug+m  —  nu,+»-i  +  **  \     2     «x+i^-«  —  . . .  +  (—!)"«». 

Find  A«  tan-i  ?^    and  A^  cos  (ax  +  &).  (50.) 

a 

31.  Explain  what  is  meant  by  the  saccessive  differences  of  zero. 

Prove  that 

<P(x)  =  0(0)  +  </>(!  +  A)0.1ogaj  -h  0(1  +  A)02.^-#  +  '. . 

(45.) 

32.  Show  how  to  perform  the  finite  integration  of  a  rational 

integral  function  of  x. 

Find  the  sum  of  n  terms  of  each  of  the  following 
series : — 

3. 4. 6. 8  +  4. 6. 7. 9  +  6. 6. 8. 10+ 

17      1       Jl^     1  25       1  ,^. 


3. 4*64. 5*  5«      5. 6'  58 


Honours  Ezaminatloxi. 

Instbuctions. 

Bead  the  General  Instructions  at  the  head  of  the  Elementary 
paper. 

You  are  only  permitted  to  attempt  eight  questions,  and  may 
select  them  from  any  part  of  the  paper. 

The  values  attached  to  the  questions  differ  but  little  from  one 
another. 


41.  Transform  I  I  0(a;,  y)  dm  dy  into  a  double  integral  having 

■      Jojo 
u  and  V  as  the  independent  variables,  where 

X  +  y  =  u,  y  =  tiv. 

42.  Upon  two  intersecting  straight  lines  as  axes  equal  circular 

cylinders  are  described ;  show  that  the  volume  common  to 
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the  two  cylinders  equals  that  of  a  cone  whose  height  is  the 
diameter  of  either  cylinder,  and  whose  base  has  an  area 
equal  to  that  portion  of  the  surface  of  either  cylinder 
which  lies  inside  the  other» 

43.  Apply  the  Calculus  of  Variations  to  show  that  a  circle  is  the 

curve  of  maximum  area  with  a  given  perimeter. 

44.  Find  the  values  of  the  definite  integrals 

I  ^  gji^^\  ^y       \   ^  ^^Z  (si^  »)  ^»      \     ^  log  i^^  *)  ^*- 

45.  Establish  the  condition  which  must  be  satisfied  if  the  surface 

^(aj,  y,  ar,)  ==  0  is  developable.  Test  whether  the  follow- 
ing surfaces  are  developable  or  not : — 

(1.)     ajy«  =  a\  (2.)     ary  —  («  —  c)3  =  0. 

46.  Having  given  a  circle  and  an  involute  thereof,  find  the  curve 

described  by  the  centre  of  the  circle  when  the  involute 
rolls  on  a  fixed  straight  line. 

47.  Solve  the  differential  equation 

asfj         X  ax 

48.  Show  that  the  complete  solution  of  a  partial  differential 

equation  of  the  first  order,  containing  two  independent 
variables,  consists  of  a  single  complete  primitive  with  its 
accompanying  general  integrals  and  singular  solution. 

49.  Integrate  the  following  partial  differential  equations : — 

(1.)     aj2p3  4.  yigi  =  Aaypq. 
(2.)     z  =  px  +  qy  —  sxy, 

60.  Integrate  the  equations  of  differences — 

(1.)     Ux+»  —  Sttjr+i  +  2w,  =  x; 
(2.)     t^,+i  +  2i;x+i-2«,  =  0;"' 


Vs+i  —  «*  -f  r*  =  a'. 


] 
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SUBJECT  VL    THBOBETIOAL  lOBGSANICS. 

ExAMiHBR,  BEV.  J.  F.  TWISDiasr,  M Jl 


Gknebal  Ikstbuctions. 
If  the  rales  are  aot  attendaa  to,  yoqr  papew  ifll  be  eancelled. 

Yoa  may  take  the  Slemontarj,  or  the  Advanced,  or  the 
Hononrs  paper,  bnt  you  mnst  confine  jonrself  to  one  of  them. 

Put  the  number  of  the  question  before  your  answer. 

The  value  attached  to  each  question  is  shown  in  brackets  after 
the  question.  But  a  fall  and  correct  answer  to  an  easy  question 
will  in  all  cases  secure  a  lai*^r  number  of  marks  than  an  incom- 
plete or  inexact  answer  to  a  more  difficult  one. 

You  are  to  confine  your  answers  strictly  to  the  questions  pro- 


Tour  name  is  not  given  to  the  Examiner,  and  you  are 
forbidden  to  write  to  him  about  your  answers. 

The  examination  in  this  subject  lasts  for  three  hours. 


First  Stage  or  Elementary  Ezamination. 

Instructions. 

You  are  not  permitted  to  attempt  more  than  sevsn  quxstioks. 
You  may  select  them  from  any  part  of  the  paper. 


1.  A  lamina  of  uniform  density  is  in  shape  a  parallelogram ; 

where  is  its  centre  of  gravity  situated  ? 

If  the  lamina  weighs  4  lbs.  and  a  particle  weighing 
1  lb.  is  placed  at  an  angular  point,  where  is  the  centre 
of  gravity  of  the  whole  situated  ?  (10.) 

2.  Dri%w  a  triangle  ABC,  whose  sides  BC,  CA,  AB  ai*e  7,  9, 11 

units  long.  If  ABC  is  the  triangle  for  three  forces  in 
equilibrium  at  a  point  P,  and  if  the  force  corresponding 
to  the  side  BO  is  a  force  of  21  lbs.,  show  in  a  diagram 
how  the  forces  act,  and  find  the  magnitude  of  the  other 
two  forces.  (12.) 

3.  A  straight  line  AB  represents  a  rod  10  ft.  long,  supported 

horizontally  on  two  points — one  under  each  end ;  C  is  a 
point  in  AB,  3  ft.  from  A ;  what  pressui'e  is  produced  on 
the  points  A  and  B  by  a  weight  of  30  lbs*,  hung  at  C  ? 
What  additional   pressure  is  exerted  on  the  points  of 
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support,  if  the  rod  is  of  tmiform  density  and  weighs 
20  lbs.  P  (14.) 

■4.  Define  the  moment  of  a  force  with  reference  to  a  point. 
When  is  a  moment  reckoned  positive  and  when  negative  ? 
Draw  an  equilateral  triangle  ABC,  and  suppose  each 
side  to  be  4  ft.  long ;  a  force  of  8  units  arcts  from  A  to  B, 
and  a  force  of  10  units  from  G  to  A.  (a.)  Find  ihe 
moment  of  each  force  with  reference  to  the  middle  point 
of  BC ;  (6.)  Find  a  point  with  reference  to  which  the 
forces  have  equal  moments  of  opposite  signs.         (18.) 

5.  A  number  of  men  can  each  do,  on  the  average,  495,000  foot- 

pounds of  work  per  day  of  eight  hours ;  how  many  of 
such  men  are  required  to  do  work  at  the  rate  of  10  horse- 
power ?  (8.) 

6.  The  radius  of  a  circle  is  half  a  mile ;  a  horse  runs  round 

the  circumference  at  the  rate  of  five  times  an  hour; 
what  is  his  velocity  in  feet  per  second?  (The  result 
should  be  carried  to  the  second  decimal  place.)       (8.) 

7.  Given   the   formula  s  =  ^ft\  state  the  meaning  of   each 

letter  in  it.  If  the  formula  is  to  be  applied  to  the  case 
of  a  falling  body,  and  /  is  given  equal  to  32*19  or 
(approximately)  32,  what  supposition  is  implied  as  to 
units  of  time  and  distance  ?  (W.) 

8.  A  body  weighing  100  lbs.  is  observed  to  be  moving  at  the 

rate  of  20  ft.  a  second ;  assuming  that  it  began  to  move 
from  a  state  of  rest,  and  that  its  motion  waia  impeded  by 
no  resistance,  how  many  units  of  work  must  have  been 
done  on  it  by  the  force  that  gave  it  the  velocity  ?  Give 
the  answers  (a)  in  foot-poundals,  (6)  in  foot-pounds, 
assuming  g  =  32.  (12.) 

9.  Two  bodies,  whose  velocities  are  accelerated  in  every  second 

by  3  and  5  ft.  a  second  respectively,  begin  to  move 
towards  each  other  at  the  same  instant,  and  without 
having  any  initial  velocity ;  at  first  they  are  a  mile  apart ; 
after  how  many  seconds  will  they  meet?  (16.) 

10.  Two  small  areas  (A  and  B)  are  marked  on  a  vertical  wall  of 

a  reservoir ;  the  area  of  A  is  twice  that  of  B,  and  A  is 
10  ft.  above  B ;  if  water  is  let  into  the  reservoir,  what 
will  be  the  height  of  its  surface  above  A,  when  the  pres- 
sure of  the  water  on  A  is  one-fourth  of  its  pressure  on  B  ? 

(14.) 

11 .  If  28  cubic  inches  of  water  weigh  a  pound,  what  will  be  the 

specific  gravity  of  a  substance,  20  cubic  inches  of  which 
weigh  3  lbs.  P  (8.) 

12.  Describe  the  forcing-pump. 

When  the  piston  (or  plunger)  is  raised  why  does  the 
water  come  into  the  barrel  of  the  pump  ?  (1^-) 
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Second  Stage  or  Advanced  Examination. 

IirSTBUOTIONS. 

Read  the  General  iDstractions  on  the  first  page. 

Yon  are  not  permitted  to  attempt  more  than  eight  qnestious. 
Yon  may  select  them  from  an j  part  of  the  paper. 


21.  Assnming  the  rule  for  finding  the  centre  of  gravity  of  a 

triangular  pyramid ;  prove  the  rule  for  finding  that  of  a 
pyramid  whose  hase  is  a  four-sided  figure.  (i^O 

22.  Show  that  the  moments  of  two  intersecting  forces,  with 

respect  to  a  point  in  the  line  along  which  their  resultant 
acts,  are  equal  and  of  opposite  signs.  (1^0 

23.  Forces  P,  Q,  E.  act  along  the  sides  of  a  triangle,  ABC,  from 

B  to  C,  C  to  A,  and  A  to  B,  and  are  proportional  to  the 
lengths  of  the  sides  along  which  they  act ;  (a)  show  that 
they  form  a  couple,  and  find  its  moment ;  (6)  find  their 
resultant,  when  the  direction  of  one  of  them  (P)  is 
reversed.  (25.) 

24.  A  cube  is  placed  with  one  edge  on  a  rough  horizontal 

plane  (coefficient  of  friction  =  fi),  and  a  parallel  edge 
on  a  smooth  plane,  inclined  at  an  angle  of  45''  to  the 
horizon ;  if  ^  is  the  inclination  of  the  base  of  the  cube, 
when  in  the  position  in  which  it  will  just  not  slide  into 
a  lower  position,  show  that  (1  +  3/*)  tan  ^  =  1— /i. 

(30.) 

25.  Define  the  centre  of  a  system  of  parallel  forces,  and  state  a 

method  of  finding  the  co-ordinates  of  its  position  when 
there  are  more  than  two  forces.  Apply  the  method  to 
the  following  case : — ABCD  is  a  square,  and  AC  a 
diagonal ;  forces  P,  Q,  B  act  along  parallel .  lines  at 
B,  C,  D  respectively,  Q  acts  in  the  direction  A  to  C,  P 
and  B  act  in  the  opposite  direction  ;  find,  and  show  in  a 
diagram,  the  position  of  the  centre  when  Q  =  5P  and 
R  =  7P.  (25.) 

26.  Two  weights,  P  and  Q,  hang  by  a  flexible  thread  ovier  a  fixed 

pnlley,  capable  of  turning  on  a  rongh  axle;  find  the 
relation  between  them,  when  P  is  on  the  point  of  pre- 
ponderance. 

If  the  radii  of  the  pulley  and  axle,  are  10  in.  and  1  in., 
and  if  a  weight  of  101  lbs.  will  just  preponderate  over  a 
weight  of  99  lbs. ;  find  the  coefficient  of  friction  between 
the  axle  and  its  bearing.  (25.) 

27.  Find  the  number  of  foot  pounds  of  work  required  to  wind 

np  a  given  chain,  which  hangs  by  one  end.  (15.) 
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28.  A  particle  describes  the  perimeter  of  a  regular  hexagon  with 

a  constant  velocitj  of  100  ft.  a  second ;  find  the  magni- 
tude and  direction  of  the  velocity  that  must  be  com- 
municated to  it,  at  the  instant  it  reaches  an  aogular 
point.  (20.) 

29.  Investigate  the  time  of  a  small  oscillation  of  a  simple 

pendulum. 

A  seconds  pendulum  has  its  length  slightly  altered, 
and,  in  consequence,  loses  n  seconds  a  day ;  find  whether 
it  has  been  lengthened  or  shortened,  and  by  what  fraction 
of  its  original  length.  (25.) 

30.  Find  the  moment  of  inertia  of  a  circular  lamina  of  uniform 

density,  with  reference  to  an  axis  through  its  centre  at 
right  angles  to  its  plane. 

If  the  mass  of  the  lamina  is  100  lbs.,  and  its  diameter 
3^  ft.,  and  if  it  turns  round  the  axis  120  times  a  minute, 
find  its  kinetic  energy  (a)  in  foot-poundals ;  (6)  in  foot- 
pounds (ir  =  3|,  gr  =  32).  (30.) 

31.  Find  the  conditions  of  equilibrium  of  a  solid  body  floating 

in  liquid  and  partly  supported  by  a  string.  (15.) 

32.  State  and  prove  Torricelli's  theorem. 

A  reservoir  is  kept  full,  so  that  the  surface  of  the 
water  is  at  a  constant  height  of  12  ft.  above  a  small  hole, 
the  effective  area  of  whose  cross  section  is  ^/3  square 
inches ;  find  how  many  cubic  feet  of  water  flow  oat  in  an 
hour  (g  =  32).  (20.) 


Honours  Examination. 

Instructions. 

Bead  the  General  Instructions  on  the  first  page. 

You  are  not  permitted  to  attempt  more  than  eight  questions.* 
You  may  select  them  from  any  part  of  the  paper. 

41.  ABCDEF  is  a  piece  of  wire  of  uniform  density,  bent  into 

the  form  of  the  perimeter  of  a  regular  hexagon ;  if  the 

side  AF  is  cut  away,  and  the  remainder  hung  up  by  the 

point  A,  show  that  the  cosine  of  the  inclination  of  AB  to 

.        13 
the  vertical  is  .  (50.) 

42.  Forces  act  in  the  plane  of  a  rigid  polygon,  at  the  middle 

points  of  the  sides,  and  at  right  angles  to  them ;  show 
that  they  are  in  equilibrum,  if  they  all  act  inwards  and 
are  proportional  to  the  lengths  of  the  sides  on  which  they, 
act.  (40.) 

48.  ABC  is  a  triangular  frame,  whose  weight  can  be  neglected ; 
it  is  hung  up  by  the  point  A,  and  weights  ( W  and  w)  are 
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bung  at  B  and  G  ;  find  the  stresses  in  the  bars,  AB,  BC, 
CA.  (60.) 

44.  AB,  a  beam  of  uniform  -weight  per  unit  of  length,  is  sup- 

ported horizontally  on  two  points,  one  under  each  end  ;  a 
weight  is  hung  on  it  from  a  point  P,  nearer  to  A  than  to 
B  ;  find  (a)  the  bending  moment  at  any  point  between  P 
and  B,  (6)  the  position  of  the  point  at  which  the  bending* 
moment  is  greatest,  and  (c)  the  circumstances  under 
which  the  bending  moment  will  be  greatest  at  P. 

(50.) 

45.  A  string  is  stretched  on  the  circumference  of  a  rough  circle ; 

when  one  of  the  forces  is  on  the  point  of  preponderance, 
find  the  pressure  on  the  circumference,  and  the  tension 
o   the  string,  at  any  assigned  point.  (50.) 

46.  Calculate  the  value  of  ^(mxy)  in  the  case  of  a  piece  of  wire 

of  uniform  density,  bent  into  the  form  of  the  perimeter  of 
a  rectangle,  a  diagonal  being  taken  as  the  axis  of  x. 

(50.) 

47.  A  and  B  are  two  points  in  a  horizontal  line,  4  ft.  apart ;  a 

body  is  fastened  to  one  end  of  an  ineztensible  string 
10  ft.  long,  the  other  end  being  fastened  to  a  fixed  point 
at  A ;  the  body  is  placed  at  B  and  allowed  to  fall ;  find 
its  velocity  immediately  before  and  imtnediately  after  the 
string  is  drawn  8tr«ight<.  (40.) 

48.  A  particle  slides  down  a  smooth  inclined  plane  and  passes 

without  loss  of  velocity  on  to  a  rough  horizontal  plane; 
it  comes  to  rest  after  describing  a  distance  on  the 
horizontal  plane,  equal  to  the  disianee  it  had  described 
on  the  inclined  plane;  find' the  coefficient  of  fi-iction 
between  the  particle  and  the  horizontal  plane,  and  the 
whole  time  of  the  motion.  (40.) 

49.  A  lamina  moves  in  its  own  plane  in  such  a  way  that  a  point 

in  it  (C)  has  a  velocity  (V)  along  a  straight  line  CD, 
while  the  lamina  revolves  round  C  with  a  given  angular 
Telocity  (w) ;  two  points,  A  and  B,  are  taken  in  the 
lamina,  such  that  the  line  AB  is  bisected  by  C ;  compare 
the  kinetic  energies  of  two  particles,  forming  pait  of  the 
lamina,  and  placed  one  at  A  and  the  other  at  B. 

(50.) 

50.  D^cribe  briefly  the  ballistic  pendulum,  and  investigate  a 

formula  for  the  velocity  of  a  shot  fired  into  it.        (50.) 

51.  Explain  how  to  find,  by  the  balance,  the  specific  gravity  of 

an  insoluble  solid  lighter  than  watei*.  (40.) 

52.  The  tenacity  of  copper  being  given  as  40,000  lbs.  per  square 

inch;  find  the  bursting  pressure,  in  pounds  per  square 
inch,  of  a  hollow  copper  globe  2  ft.  in  diameter  and  a 
i,      quarter  of  an  inch  thick.  (40.) 
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SUBJECT  Vn.    APPLIED  MECHANICS. 

ExAMiNKB,  PROFESSOR  GOODEVE,  M.A, 

Oenesal  Ikstbitgtions. 
If  the  rotes  are  not  attended  to,  the  paper  wHI  be  cancelled. 

You  may  take  the  Elementary,  or  the  Advanced,  or  the 
Honours  paper,  but  you  must  confine  yourself  to  one  of  them. 

Put  the  number  of  the  question  before  your  answer. 

You  are  to  confine  your  answers  strictly  to  the  questions 
proposed. 

Your   name  is  not  given  to  the  Examiner,  and  you  are 
forbidden  to  write  to  him  about  your  answers. 

The  exanUnaUon  in  this  subject  lasts  for  three  hours. 


First  Stage  or  Elementary  Ezaminatioxi. 
Ihsteuctions. 

You  may  not  attempt  more  than  sis  questions. 

The  value  attached  to  each  question  is  shown  in  brackets 
after  the  question. 

1.  How  is  the  work  done  by  a  force  measured  ?     Give  some 

example.  Set  out  a  diagram  of  the  work  done  in 
drawing  a  body  weighing  10  lbs.  up  a  smooth  incline 
4  feet  high,  marking  dimensions.  (l-^O 

2.  What  is  a  surface  plate  ?     How  is  it  constructed  and  used  ? 

Of  what  material  is  it  made,  and  for  what  reason? 
Describe,  with  sketches,  the  tools  employed.  Why  is  it 
essential  that  the  plate  should  rest  on  three  supports  ? 

(12.) 

3.  Under    what    conditions  will    two   cones    roll    together? 

Motion  is  to  be  communicated  between  two  shafts 
inclined  at  an  angle  of  90^,  and  one  is  to  make  three 
rotations  while  the  other  makes  four.  Set  out  the  pitch 
cones  in  a  diagram,  marking  dimensions.  (15.) 

4.  In  a  30-ton  crane  the  tension  of  the  chain  as  it  runs  on  the 

winding  barrel  is  7^  tons,  the  barrel  is  2  feet  in  effective 
diameter,  and  the  spur  wheel  connected  with  it  is  4  feet 
in  diameter  on  the  pitch  line ;  what  pressure  will  come 
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upon  the  teeth  of  the  spur  wheel,  supposing  sncli 
pressure  to  acfc  on  the  pitch  line  ?   (Friction  is  n^lected.) 

(15.) 

5.  Describe,  with  sketches,  the  construction  of  an  ordinary 

lifting  jack  in  which  the  weight  is  lifted  hj  means  of  a 
screw  and  nut.  If  the  screw  be  1  inch  pitch,  the  lever 
20  inches  long,  and  the  pressure  applied  at  the  end  of 
the  lever  be  30  lbs.,  what  weight  can  be  lifted  (neglecting 
friction)  ?     (Take  ir  =  3*  1416.)  (15.) 

6.  A  barrel  weighing  5  cwt.  is  lowered  into  a  cellar  down  a 

smooth  slide  inclined  at  an  angle  of  45**  with  the  verticaU 
It  is  lowered  by  means  of  two  ropes  passing  under  the 
barrel,  one  end  of  each  rope  being  fixed,  while  two  men 
pay  out  the  other  ends  of  the  ropes.  What  pull  in  pounds 
must  each  man  exert  in  order  that  the  barrel  may  be 
supported  at  any  point  ?  (15.) 

7.  What  is  the  meaning  of  the  term  ductility  as  applied  to 

wrought  iron  ?  Describe,  with  sketches,  some  apparatus 
for  testing  a  piece  of  metal  as  to  ductility.  If  a  uniform 
bar  of  iron  10  inches  long  is  found  to  stretch  1^  inches 
at  the  time  of  fracture,  what  is  the  measure  of  the 
ductility  of  the  material  of  the  bar  ?  (20.) 

8.  Find  the  extension  produced  in  a  bar  of  wrought  iron 

4  feet  long  and  2  square  inches  in  section  by  a  suspended 
weight  of  4|  tons,  the  modulus  of  elasticity  of  the  mate- 
rial being  29,000,000  pounds  per  square  inch.        (15.) 

9.  How  is  the  coefficient  of  friction   between  two  surfaces 

ascertained  approximately  by  experiment  P 

When  two  rough  sarfaces'  are  pressed  together,  how 
mnch  may  the  line  of  pressure  be  inclined  to  the  common 
perpendicular  to  the  surfaces  in  contact  before  motion 
ensues  ?  (1^0 

10.  A  cylindrical  vessel  30  inches  long  and  6  inches  in  diameter 

is  sunk  vertically  in  water,  so  that  the  base,  which  is 
horizontal,  is  at  a  depth  of  25  inches  below  the  surface  of 
the  water.  Find  the  upward-  pressure  in  pounds  on  the 
base  of  the  vessel.  The  weight  of  a  cubic  foot  oE  water 
is  62i  lbs.,  and  w  =  3' 1416.  (15.) 

11.  Sketch  and  describe  the  mechanism  for  cutting  a  screw 

with  five  threads  to  the  inch  in  a  lathe  where  the  guide 
screw  has  three  threads  to  the  inch.  Assign  suitable 
numbers  to  the  wheels  which  you  would  employ.     (20.) 

12.  An  hydraulic  accumulator,  with  a  ram  of  16  inches  in 

diameter,  is  connected  with  an  hydraulic  press  whose 
ram  is  26  inches  in  diameter.  The  load  on  the  accu- 
mulator is  80  tons ;  what  power  would  the  press  exert  ? 
Make  a  vertical  section  through  the  accumulator,  showing 
its  construction.  (15.) 
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13.  Two  wooden  beams  are  each  loaded  in  the  centre  and  snp. 

ported  at  the  ends ;  one  is  solid  and  measures  8"  x  8''  in 
cross  section ;  the  other  is  made  up  of  two  beams,  each 
8"  broad  and  4"  deep,  and  placed  one  oyer  the  other  so 
as  to  have  the  same  sectional  area  as  before.  Will  there 
be  any  difference  in  the  breaking  load  of  the  beams,  and 
if  so  how  much  will  it  be  ?  State  the  reasonings  on  which 
yon  rely.  (20.) 

14.  Describe  a  simple  form  of  a  counting  or  numbering  machine 

for  registering  successive  numbers  up  to  09,  the  machine 
being  actuated  by  a  vibrating  lever  arm.  (15.) 


Second  Stago  or  Adyanoed  Bzaminatloii. 

Instbuctiohs. 

Bead  the  General  Instructions  at  the  head  of  ihe  Elementary 
paper. 

Yon  may  not  attempt  more  than  six  questions. 

The  value  attached  to  each  question  is  shown  in  brackets  after 
the  question. 

21.  A  ship  is  moored  by  two  cables  of  90  feet  and  100  feet  in 

length  respectively.  The  first  cable  stretches  2|  inches, 
and  the  second  stretches  8  inches,  under  ^e  poll  of  the 
ship ;  find  the  strain  of  eaoh  cable.  (15.) 

22.  The  travel  of  the  table  of  a  planing  machine  cutting  both 

ways  is  9  feet,  and  the  resistance  to  be  overcome  while 
cutting  is  taken  at  400  lbs.  If  the  number  of  double 
strokes  made  in  one  hour  be  40,  find  the  horse-power 
absorbed  by  the  machine.  (80.) 

23.  The  head  of  a  steam  hammer  weighs  10  cwt.,  and  has  a  fall 

of  8  feet.  If  it  indent  the  iron  on  which  it  falls  by 
1  inch,  find  the  mean  force  exerted  on  the  iron  during 
compression.  (2^*) 

24.  -Sketch  and  describe  the  screw  lifting  jack  as  fitted  with 

screw  and  worm  wheel  gear.  The  handle  being  15  inches 
long,  the  pitch  of  the  screw  1^  inches,  and  the  worm 
wheel  having  15  teeth,  find  the  force  on  the  handle  for 
raising  5  tons.     (Friction  is  neglected).  (25.) 

25.  Show  clearly  by  the  aid  of  sketches  the  mechanism  employed 

in  a  shearing  machine  for  converting  the  continuous 
circular  motion  of  the  driving  shaft  into  the  vertical 
reciprocating  motion  of  the  upper  cutting  edge.  Show 
also  an  arrangement  by  which  the  upper  blade  can  be  kept 
stationary  while  the  driving  shaft  continues  to  revolve. 

(25.) 
(3367)  9 
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26.  A  pamp  for  ezhanstang  air  from  a  reoeirer  lias  a  solid 

piston  and  one  valve  in  the  casing.  Describey  with  a 
sketch,  the  constrnction  of  the  pamp,  and  explain  the 
natnre  of  the  improved  form  known  as  Sprengel's  pnrop, 
where  a  small  portion  of  mercnij  forms  the  piston  and 
no  valve  is  required.  (^O 

27.  A  tripod  ^hose  vertex  is  A,  and  whose  legs  are  AB,  AC, 
,  AD|  of  lengths  8,  9,  and  10  feet  respectivel/,  sustains  a 

load  of  2  tons.  The  ends  B,  G,  D  form  a  triangle,  whose 
sides  are  BC  ^  7  feet,  CD  :=  6  feet,  BD  :=:  8  feet,  find 
by  gpraphical  construction  the  compressive  stress  in  each 
leg.  (35.) 

28.  Describe^  with  skat^ies,  aMie  fom  o£  iLydmaUc  lift,  and 

the  manner  in  which  it  is  worked.  (35.) 

29.  What  is  the  principle  of  a  dead-beat  escapement  ?     Show, 

with  sketches,  the  mode  of  inlying  this  princiide  in  an 
ordinary  lever  watch.  (30.) 

30.  Prove  the  formula  which  gives  the  veloicnty  of  rotation  of 

the  last  wheel  of  an  epicyclio  ia*ain  in  terms  of  the 
velocities  of  the  first  wheel  and  the  arm,  and  arrange  an 
epicyclic  train  in  which  the  last  wheel  and  the  arm  shall 
rotate  with  equal  velocities  in  opposite  directions. 

(30.7 
«31.  Describe,  with  a  sketch,  a  method  of  employing  friction 
ix>llers  or  spheres  for  causing  a  wheel  to  be  lo^ed  to  an 
axis  when  taming  in  one  direction,  but  allowing  it  to  ' 
run  free  when  the  rotation  is  reversed.  (30.) 

'32.  A  triangular  frame  is  at  rest  nnder  the  action  of  3  external 
forces :  prove  that  a  certain  diagram  will  represent  the 
stresses  iu  the  bars  of  the  frame.  Extend  this  proposi- 
tion to  the  case  of  a  lattice  girder  of  the  Warren  oen- 
strnction,  with  4  bays  in  the  lower  boom  and  3  bays  in 
the  upper  boom,  loaded  in  the  centre  of  the  lower  boom 
find  supported  at  the  ends,  giving  the  stress  diagram  and 
showing  hqw  to  distinguish  the  portions  which  are  in 
compression  or  extension.  (35.) 

33.  A  segment  of  a  fly  wheel  with  the  arm  to  which  it  is 
attached  weighs  3,500  lbs.,  and  the  mass  of  the  portion 
f  may  be  taken  as  collected  at  a  distance  of  8  feet  from 
the  axis  of  the  wheel,  which  makes  40  revolutions  per 
minute.  What  is  the  force  tending  to  pull  away  the 
segment  and  arm  from  the  boss  of  the  wheel  f  You  are 
required  to  write  out  a  proof  of  the  formula  which  you 
employ.  (35.) 
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Honours  EzaminaUoiL 

Instructions. 

Read  the  General  Instknotioiis  at  the  head  of  the  Elementarj 
paper. 

Yoa  may  not  attempt  more  than  six  questions. 

The  value  attached  to  each  question  is  shown  in  brackets 
after  the  question. 

41.  In  the  older  saw  frames  a  ratchet  was  employed  to  move 

the  timber  for  each  cut,  but  in  modem  frames  the 
ratchet  teeth  are  dispensed  with,  and  an  arrangement 
depending  on  a  frictional  grip  adjustable  to  any  rate  of 
feed  motion  is  substituted.  Sketch  and  describe  the 
contrivance  by  which  this  object  can  be  effected,  and 
explain  the  principle  of  its  action.  (60.) 

42.  A  twisting  moment  of  9,600  inch-pounds  is  sufficient  to 

break  a  wrought-iron  shaft  of  1  inch  diameter.  Use  6  as 
a  factor  of  safety,  and  hence  determine  what  horse-power 
can  be  safely  transmitted  through  a  shaft  of  8-inch 
diameter  when  running  at  120  revolutions  per  minute. 
Prove  the  formula  which  you  employ.  (^0.) 

43.  If  GP  be  the  crank,  and  PQ  the  piston  rod  in  an  oscillating 

engine,  find  the  velocity  ratio  of  P  to  Q  and  set  out  the 
result  in  a  diagram.  Find  also  the  angular  velocity 
ratio  of  CP  and  PQ  at  any  part  of  the  stroke.        (60.) 

41.  A  planing  machine  for  metals  is  driven  by  a  rack  and  pinion 
with  other  gearing  between  the  driving  pulley  and  the 
pinion.  The  driving  pulley  makes  80  revolutions  per 
minute,  and  the  pinion  wheel  gearing  into  the  rack  on 
the  under  side  of  the  table  has  12  teeth  of  1^-inch  pitch. 
The  table  makes  its  cutting  stroke  at  the  rate  of  12  feet 
per  minute,  and  its  return  stroke  at  24  feet  per  minute. 
Sketch  the  arrangement  and  calculate  the  number  of 
teeth  in  the  several  wheels  of  the  mechanism.         (65.) 

45.  The  internal  diameter  of  an  hydraulic  cylinder  is  8  inches, 

and  the  ultimate  tensile  strength  of  the  material  of 
which  it  is  made  is  16,000  lbs.  per  sq.  inch.  What  thick- 
ness of  metal  would  be  required  in  the  sides  of  such  a 
cylinder,  if  the  metal  be  not  stressed  beyond  one-sixth  of 
its  ultimate  strength,  the  water  being  under  a  pressure  of 
2,000  lbs.  per  sq.  inch  ?  Prove  the  formula  which  you 
employ.  (80.) 

46.  Describe  the   construction  of  the  Whitworth  measuring 

machine  for  measuring  to  one  ten-thousandth  of  an  inch 
(3367)  B  2 
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in  end  measure.  Make  sncli  sectional  or  other  sketches 
as  maj  be  necessary.  A  standard  gauge  1  inch  in 
diameter  being  supplied,  describe  the  process  of  forming 
a  second  gauge  of  I'OOl  inches  in  diameter.  (^0.) 

47.  In  forming  the  teeth  of  wheels,  the  geometrical  condition  is 

that  the  common  perpendicular  to  the  surfaces  of  two 
teeth  in  contact  sludl  alwajs  pass  through  the  point  of 
contact  of  the  pitch  circles  of  the  wheels.  Write  out  a 
proof  of  this  general  proposition.  (^-) 

48.  Describe  the  construction  of  an  intensifying  accumulator 

whereby  a  pressure  of  water  of  (say)  60  lbs.  per  square 
inch  may  be  increased  up  to  1,500  lbs.  per  square  inch  on 
the  ram.  Sketch  a  longitudinal  section  through  the 
apparatus,  showing  the  mode  of  packing  the  working 
parts.  (50.) 

49.  In  a  trayelling  crane  of  40  feet  span  the  load  is  supported 

on  a  carriage  which  runs  upon  two  similar  girders,  the 
axles  of  the  carriage  being  8  feet  apart,  and  a  load  of 
2^  tons  coming  upon  each  wheel.  Obtain  a  diagram 
showing  the  maximum  bending  moment  at  every  section 
of  the  ^rder,  and  give  the  numerical  yalues  at  distances 
of  10,  15,  and  20  feet  from  one  end.  (70.) 


SUBJECT  VnL    SOirND,  LIGHT,  AXD  HEAT. 

EXAMINBBS : 

PBOFESSOB  W.  OBTLLS  ADAMS,  M.A.,  D.Sc.,  FJLS., 

AND 

PROFESSOR  OLIVER  J.  LODGE,  D.Sc,  LL.D.,  F.R.S. 

OsKiBAL  Instructions. 
If  the  roles  are  not  attended  to,  the  paper  will  be  cancelled. 

You  may  take  the  Elementary,  or  the  Advanced,  or  the 
Honours  paper,  but  you  must  confine  yourself  to  one  of  them. 
Put  the  number  of  the  question  before  your  answer. 

You  are  to  confine  your  answers  strictly  to  the  questions 
proposed. 

Yonr  name  is  not  given  to  the  Examiners,  and  you  are 
forbidden  to  write  to  them  about  your  answers. 

The  examination  in  this  subject  lasts  for  three  hours, 
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First  Stage  or  Elementary  Examination. 

Instructions. 

You  are  only  permitted  to  attempt  eight  questions.    These 
may  be  selected  from  any  part  of  the  paper. 

The  value  attached  to  each  question  is  the  same. 


Sound. 

1.  State  how  the  air  moves  in  different  parts  of  a  tube  1  foot 

long,  open  at  both  ends,  when  sounding  its  fundamental 
note.     What  note  does  it  give  ? 

2.  A  glass  rod  5  feet  long  is  clamped  at  its  centre,  and  rubbed 

longitudinally  with  a  wet  cloth.  State  how  it  vibrates 
when  thus  treated,  and  calculate  the  velocity  of  sound  in 
glass,  if  told  that  the  above  rod  makes  1,295  complete 
vibrations  every  second. 

3.  Explain  the  character  of  the  vibration  of  a  stretched  violin 

string.  What  effect  is  produced  by  touching  it  at  one- 
third  of  its  length  from  one  end  P 

4.  Sketch  the  essential  parts  of  an  air-pump.     If  the  receiver  is 

12  times  as  large  as  the  pump  barrel,  what  is  the  pressure 
of  the  air  left  in  it  after  two  strokes  of  the  pump,  in  terms 
of  the  original  pressure  P 

Light. 

5.  When  a  horizontal  beam  of  light  falls  on  a  vertical  plane 

mirror  which  revolves  about  a  vertical  axis  in  its  plane, 
show  that  the  reflected  beam  revolves  at  twice  the  rate  of 
the  mirror. 

6.  Describe  an  experiment  proving  that  white  light  is  compound. 

How  can  it  be  shown  that  the  constituents  into  which 
it  is  resolved  are  not  likewise  compound  P 

7.  Explain  the  apparent  bending  of  a  stick  when  dipped  into 

water,  stating  broadly  from  experience  the  most  favour- 
able conditions  for  observing  the  effect. 

8.  A  source  of  light  is  seen  by  reflection  in  two  vertical  plane 

mirrors  placed  against  the  two  walls  in  a  comer  of  a 
square  room.  Construct  a  figure  showing  exactly  the 
path  of  a  beam  which  enters  the  eye  of  an  obMrver 
after  two  reflections,  one  at  each  mirror. 

Heat. 

9.  Describe  some  form  of  maximum  and  of  roinimiim  thermo- 
meter explaining  how  they  act.  ^ 
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10.  What  is  meant  by  a  unit  of  heat  ?    Taking  the  specific  heat 

of  lead  as  0*031,  and  its  latent  heat  as  507,  find  the 
amount  of  heat  necessaty  to  raise  15  lbs.  of  lead  from 
a  temperatare  of  115*"  Cf.  to  its  melting  point,  320**  C, 
and  to  melt  it. 

11.  Describe  an  instnunent  for  accurately  determinine    the 

dew-point.     What  do  you  understand  by  the  term  r 

12.  Should  a  kettle  intended  to  be  heated  by  standing  in  front 

of  a  fire  be  bright  or  black  ?  State  fally  the  reasons  for 
your  answer. 


Second  Stage  or  AdTanoed  Examination. 

Ikstructions. 

Read  tho  Gkn(M*al  Instmctions  at  the  head  of  the  Elementary 
paper. 

You  are  only  permitted  to  attempt  eigM  questions.    These 
may  be  selected  from  any  part  of  the  paper. 

The  value  attached  to  each  question  is  the  same. 


Sound. 


21.  Explain  and  illustrate  the  mode  of  vibration  of  air.    Taking 

1,120  feet  per  second  as  the  velocity  of  sound  in  air,  find 
the  number  of  vibrations  which  a  middle  G  tuning  foik 
giving  256  vibrations  per  second  will  make  before  its 
HOund  is  audible  at  a  distance  of  154  feet. 

22.  If  a  string  24  inches  long  weighs  half  an  ounce,  and  is 

stretched  with  a  weight  of  81  lbs.,  find  its  rate  of  vibration 
when  bowed  or  struck. 

23.  Given  a  set  of  standard  tuning  forks,  how  can  you  deter- 

mine accm*ately  the  rate  of  vibration  of  any  sounding 
body? 

24.  State  the  modes  of  vibrati(Hi  possible  to  bells»  and  how  yon 

would  illustrate  them. 

Light. 

25f  Show  how  to  determine,  either  graphically  or  arithmetically, 
the  position  and  magnitude  of  the  image  of  an  object 
placed  in  front  of  a  convex  lens.  An  arrow  5  inches 
long  is  placed  8  inches  away  from  a  convex  lens  whose 
focal  length  is  3  inches.  Find  the  position  and  length  of 
the  image. 
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26.  Explain  the  apparent  raising  of  a  pictnrestnck  at  the  bottom 

of  a  cnbe  of  glass,  till  it  appears  to  an  eye  looking  down 
as  if  it  were  in  the  glass.  If  the  index  of  refraction 
is  1*8,  how  mnch  does  the  picture  appear  raised  to  per- 
pendicular vision  P 

27.  Sketch  the  plan  of  a  spectroscope,  explaining  the  nse  of  the 

collimator ;  and  describe  bow  to  make  a  map  of  the 
spectrum  of  a  given  Bobstanoe. 

28.  A  beam  of  whit«  light  proceeding  from  a  narrow  slit  is 

thrown  by  means  of  a  lens  on  to  a  screen.  Explain  the 
appearance  which  wonld  be  prodnced  by  the  placing  of 
a  diffraction  grating  between  the  lens  and  the  screen  in 
^he  path  of  the  beam. 

Heat. 

29.  Describe  a  mode  of  determining  the  specific  heat  of  a  solid. 

A  mass  of  700  grammes  of  copper  at  98"  C,  put  into 
800  grammes  of  water  at  16°  C,  oontamed  in  a  copper 
vessel  weighing  200  grammes,  raises. the  temperature  of 
the  water  to  21  C.     Find  the  specific  heat  of  copper. 

30.  Ehpplain   in  what  way  the  melting-points  of  bodies  are 

affected  by  pressore.  Illustrate  your  answer  by  reference 
to  the  case  of  water  and  wax. 

31.  What   do  you  understand  exactly  by  the   efficiency  of  a 

steam  engine?  What  is  the  theoretical  efficiency  of  a 
steam  engine  whose  boiler  is  at  ISO^'C.  and  its  con- 
denser at  40°  P 

32.  State  concisely  the  characteristic  properties  of  permanent 

gases,  and  sketch  an  apparatus  for  determining  their 
coefficient  of  expansion  at  constant  volume. 


Honours  Examination. 

iNSTEUbTION^. 

Read  the  General  Instructions  at  the  head  of  the  Elementary 
paper. 

You  are  expected  to  attempt  all  the  questions. 
The  value  attached  to  each  question  is  the  same. 


41.  If  a  quantity  of  air  at  15®  C.  is  suddenly  compressed  to  half 
its  volume,  show  how  to  calculate  the  temperature  it  will 
moraentarily  attain.  Explain  the  importance  of  this 
knowledge  in  the  theory  of  sound-propagation. 
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Sbow  how  a  nnmericai  answer  can  be  given  with  the 
help  of  the  following  data: — 

log      2  s:  O'SOIO 
log  1-32  =  01204.] 

42.  Describe  Newton's  rings,  as  seen  bj  reflection.  What 
relations  hold  between  the  thickness  of  the  air  space,  the 
diameters  of  the  rings,  and  the  angle  of  incidence  of  the 
light  H 

48.  Describe  the  sacchaximeter.  Explain  the  mode  of  using  it 
to  determine  the  strength  of  a  sugar  solution.  Mention 
difierent  forms  of  analyser  which  may  be  used. 

44.  Explain  how  the  thermal  eqniyalent  of  mechanical  energy 

may  be  derived  from  a  knowledg^e  of  how  much  heat  is 
required  to  warm  a  given  quantity  of  gas  a  given  number 
of  degrees,  first  when  the  pressure  on  it  is  kept  constant, 
and  next  when  it  is  heated  in  a  closed  inexpansible 
vessel. 

45.  Describe  the    process   of  determining    the   coefficient   of 

expansion  of  a  liquid  like  alcohol  or  paraffin,  remem- 
bering the  necessary  preliminary  determination  of  the 
expansibility  of  the  glass  vessel  employed. 


Honoon  Praotical  Examination, 


1.  Time  two  tuning-forks  to  give  4  beats  a  second,  [stating 

which  is  the  higher. 

2.  Arrange  an  experiment  to  shew  that  the  velociiy  of  Sound 

in  a  gas  does  not  depend  upon  the  density  of  the  gas. 

3.  Compare    the    co-efficients    of  isothermal    and    adiabatic 

elasticity  for  the  given  wire  corresponding  to  longitudinal 
stress. 

4.  Find  by  an  optical  method  the  curvatures  of  the  faces  of 

a  lens. 

5.  Determine  the  index  of  refraction  of  the  specimen  of  glass 

for  sodium  light. 

6.  Determine  the  magiiifylng  power  of  a  given  lens  by  images 

formed  by  reflection  at  its  surfaces. 

.  Determine  the  wave-lengths  of  three  of  the  lines  in  the 
spectrum  of  the  given  substance. 
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8.  Determine  the  relation  between  the  strength  of  a  sugar 

solution  and  the  angle  of  rotation  of  the  plane  of 
polarisation  of  a  beam  of  polarized  light  passing 
through  it. 

9.  Determine  the  water-equivalent  of  the  given  calorimeter. 

10.  Find  the  specific  heat  of  a  mixture  of  the  two  liqnids. 

11.  Compare  the  vapour  pressures  at  the  temperature  of  the 

room  of  a  mixtui^  of  10  per  cent,  of  sulphuric  acid  and 
90  per  cent,  of  water  with  that  of  distilled  water. 


SUBJECT  IX.   MAGNETISM  AND  ELECTRICITY. 

Xnclading  Special  Paper  ia  Alternative  Elementary  Physics. 

BxAMiHBRS,  PROFESSOR  A.  W.  RBINOLD,  F.R.S., 
AKD  PROFESSOR  A.  W.  RCCKBR,  F.R.S. 

Oenbral  Instructions. 
If  the  roles  are  not  attended  to,  the  paper  will  be  cancelled. 

You  may  take  the  paper  in  Alternative  Elementary  Physics, 
or  the  Elementary,  or  the  Advanced,  or  the  Honours  Paper  in 
Magnetism  and  Electricity,  but  you  must  confine  yourself  to 
one  of  them. 

Put  the  number  of  the  question  before  your  answer. 

You  are  to  confine  your  answers  strictly  to  the  questions  pro- 
posed. 

Your  name  is  not  given  to  the  Examiners,  and  you  aro  fot- 
bidden  to  write  to  them  about  your  answers. 

The  eoMtnination  m  this  tubjed  louts  for  three  hours. 


ALTERNATIVE  ELEBSENTARY  PHYSICS. 

Instbuctions. 

Read  the  General  Instructions  on  p.  1. 

You  are  not  permitted  to  attempt  more  than  eight  questions, 
and  of  these  not  more  than  two  may  be  selected  from  any  one 
subject. 

The  value  attached  to  each  question  is  the  same. 
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Sound, 

1 .  A  gun  is  fired  on  a  cold  winter's  day  at  a  certain  distance 

from  an  observer  who  hears  the  report  five  Beconds  after 
seeing  the  flash.  Would  the  interval  between  seeing  the 
flash  and  hearing  the  sonnd  have  been  the  same  on  a  hot 
day  in  sammer  f    Give  reasons  for  yonr  answer. 

2.  Describe  an  instmmOTt  by  whiob  the  pitch  of  the  notes 

emitted  by  two  vibrating  strings  may  be  compared.  If 
they  were  different,  how  wonld  you  attempt  to  bring 
them  into  unison  P 

Light 

3.  What  is  meant  by  the  law  of  inverse  squares  as  applied  to 

light  P  How  is  the  law  appb'ed  in  comparing  the  inten- 
sities of  two  sources  of  light  P 

4.  Describe  and  explain  the  difference  of  tho  effects  observed 

when  the  sun  sets  over  a  smooth  lake  or  sea«  aooordin^ 
as  the  water  is  (I)  absolutely  smooth,  or  (2)  covered 
with  ripples. 

5.  The  shadow  of  a  red-hot  poker  is  cast  on  a  white  screen  by 

means  of  a  lime-light  lantern.  Explain  the  smoky  ap- 
pearance on  the  screen  just  above  the  shadow. 

J9mI. 

6.  To  what  reading  on  a  Fahrenheit  thermometer  does  28''  C 

correspond  ^  W^hy  is  it  necessary  to  read  the  barometor 
when  determining  the  boiling  point  of  a  thermometo*? 

7.  How  is  the  climate  of  the  British  Isles  affected  by  the  high 

capacity  for  heat  of  water  P 

8.  Two  copper  balls  of  the  same  weight  and  raised  to  the  same 

temperature,  are  laid,  the  one  on  a  cake  of  slowly  melting 
ioe  and  the  other  on  a  cake  of  wax.  The  latter  sinks  in 
the  more  deeply.  What  inference  would  you  draw  from 
thisp 

JicE^fie^sit 

9.  A  rod  of  iron  and  a  rod  of  steel  are  stroked  in  succession 

with  one  of  the  poles  of  a  bar  magnet.  How  do  the  iron 
and  steel  rods  respectively  affect  a  compass  needle  when 
brought  near  to  itp 

10.  How  do  (1)  a  dipping  needle,  (2)  a  compass  needle  behave 

at  the  magnetic  poles  of  the  earth  P 

FricHonal  Elecirtctty. 

11.  A  certain  substance  becomes  electrified  when  it  is  rubbed 

with  a  silk  handkerchief.  How  would  you  determine 
whether  its  electrification  is  positive  or  negative  P 
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12.  A  glass  rod  which  has  been  rubbed  with  amalgamated  silk 

is  held  near  to  an  insulated  metal  ball,  and  the  side  of 
the  ball  nearest  to  the  glass  momentarily  touched,  after 
which  the  glass  rod  is  removed.  Describe  and  explain 
the  effect  of  each  step  in  the  experiment. 

13.  Describe  the  construction  of  a  simple  form  of  electrical 

machine. 

Voltaic  Electricity. 

14.  A  yertical  wire,  down  which  an  electric  current  is  flowing, 

is  held  (1)  due  east,  (2)  due  south  of  a  small  compass 
needle.     How  is  the  needle  affected  in  each  case  P 

15.  A   delicate  thermometer  is  immersed  in  dilute  acid  into 

which  plates  of  zinc  and  copper  are  dipped.  When  the 
plates  are  connected  by  a  copper  wire,  the  temperature 
of  the  liquid  rises.     Why  is  this  ? 

16.  Give  a  general  explanation  of  the  method  of  sending  a 

telegraphic  message. 


MAGNETISM  AND  ELECTBXOZTT. 

First  Stage  or  Elementary  Examination. 

Ikbtbuctiotjs. 

Bead  the  (General  Instructions  on  p.  1. 

Ton  are  not  permitted  to  attempt  more  than  eight  questions. 

You  may  select  only  two  in  Magnetism,  three  in  Frictional 
Electricity,  and  three  in  Voltaic  Electricity. 

The  value  attached  to  each  question  is  the  same. 


Magnetiem. 

21.  A  bar  of  soft  iron  AB  is  placed  horizontally  east  and  west, 

the  east  end  A  being  about  4  inches  to  the  west  of  the 
north  seeking  pole  of  a  compass  needle.  The  end  A 
being  fixed,  6  is  raised  until  the  bar  is  yertical.  How  is 
the  needle  affected  by  the  bar  when  in  its  original  and 
final  positions  ? 

22.  The  beam  of  a  balance  is  made  of  soft  iron.     When  it  is 

placed  at  right  angles  to  the  magnetic  meridian  two 
equal  weights  placed  in  the  opposite  pans  just  balance. 
Will  the  weights  still  appear  to  be  equal  when  the 
balance  is  turned  so  that  the  beam  swings  iu  the  mag- 
netic meridian  ?     Give  reasons  for  your  answer. 


Digitized  by  VjOOQIC 


76  IX.— MAGNETISM  AND  ELECTRICITY. 

23.  An  iron  ball  is  held  over  a  pole  of  a  horse-shoe  magnet. 

Will  the  attraction  exerted  on  the  ball  be  altered  if  the 
poles  of  the  magnet  are  connected  by  a  soft  iron  keeper, 
and,  if  so,  in  what  way,  and  why  ? 

24.  Three  precisely  similar  magnets  are  placed  yertically  with 

their  lower  ends  on  a  horizontal  table.  Iron  filings  are 
scattered  over  a  plate  of  glass  which  rests  on  their  upper 
ends,  two  of  which  are  north  poles  and  the  third  a  sonth 
pole.  Oive  a  diagram  showing  the  forms  of  the  lines  of 
force  mapped  ont  by  the  filings. 

Fnetional  Eleetricity, 

25*  An  electrified  metal  ball  is  introduced  into  a  dry  glass  tabe 
closed  at  one  end,  and  then,  the  tube  being  held  in  the 
hand,  is  brought  near  to  the  cap  of  an  electroscope. 
What  will  the  effect  on  the  electroscope  be  if  the  exterior 
of  the  tube  (1)  is,  (2)  is  not,  covered  with  tinfoil  ? 

26.  The  extremity  B  of  a  wire  AB  is  attached  to  the  plate  of  a 

gold  leaf  electroscope.  By  means  of  an  insulating  handle, 
the  other  end  A  is  placed  in  contact  first  with  the 
blunt  and  then  with  the  more  pointed  end  of  a  pear- 
shaped  insulated  and  electrified  conductor. 

Describe  and  explain  the  movements  of  the  leaves  of 
the  electroscope. 

27.  You  charge  a  Leyden  jar  by  holding  its  outer  coating  in  the 

hand  and  bringing  the  knob  to  the  prime  conductor  of  an 
electrical  machine.  If  you  wished  to  charge  the  jar  to 
as  high  a  potential  as  possible,  would  you  hold  the 
knob  in  contact  with  the  prime  conductor,  or  keep  them 
a  small  distance  apart  ?     Give  reasons  for  your  answer. 

28.  A  muslin  bag  containing    sulphur    and  red  lead    finely 

powdered  is  suspended  by  a  silk  ribbon  so  that  it  hangs 
within  a  metal  vessel  which  stands  on  the  cap  of  an 
electroscope.  When  the  bag  is  jerked  the  powders  are 
shaken  out  through  the  muslin  into  the  vessel  and 
become  electrified  by  friction.  State  and  explain  what 
effect  (if  any)  is  produced  upon  the  electroscope. 

29.  Sparks  pasa  between  the  prime  conductor  of  an  electrical 

machine  and  a  metal  knob,  connected  with  the  earth, 
hold  near  to  it.  Describe  the  changes,  if  any,  in  the 
phenomena  observed,  as  the  knob  is  gradually  moved 
away  from  the  prime  conductor. 

Voltaic  Electricity^ 

20,  A  number  of  cells  formed  of  plates  of  zinc  and  platinum, 
immersed  in  dilute  sulphuric  acid,  are  to  be  connected  in 
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a  circuit,  so  tbat  the  platinum  of  each  cell  is  in  contact 
with  the  zinc  of  the  next.  What  effect,  if  any,  wonld 
be  produced  on  the  current  if,  by  mistake,  one  cell  was 
made  up  with  two  platinmns,  instead  of  with  one 
platinnm  and  one  zinc  plate  ? 

31 .  A  wire  lies  east  and  west  (magnetic)  immediately  over  a 

compass-needle.  How  is  the  direction  in  which  the 
needle  points  affected  when  a  strong  current  flows  through 
the  wire  (1)  from  west  to  east ;  (2)  from  east  to  west  P    . 

32.  Why  is  an  astatic  galvanometer  better  adapted  for  the 

measurement  of  weak  currents  than  a  galvanometer  with 
a  single  needle  P 

33.  Two  Grove's  cells,  alike  in  all  respects  except  that  in  one 

the  plates  are  twice  as  far  apart  as  in  the  other,  are 
arranged  in  series,  and  the  poles  of  the  battery  so 
constituted  are  united  by  a  copper  wire.  The  liquid  in 
both  cells  becomes  heated.  In  which  is  the  rise  in 
temperature  the  greater,  and  why  P 

34.*A  gutta-percha  covered  copper  wire  is  wound  round  a 
wooden  cylinder  AB  from  A  to  B.  How  would  you 
wind  it  back  from  B  to  A  (1)  so  as  to  increase,  (2)  so  as 
to  diminish  the  magnetic  effects  which  it  produces  when 
a  current  is  passed  through  it  P  Illustrate  your  answer 
by  a  diagram  drawn  on  the  assumption  that  you  are 
looking  at  the  end  B. 


Second  Stage  or  Advanced  Examination. 

Insteuctions. 

Read  the  General  Instructions  on  p.  1. 

Yon  are  not  permitted  to  attempt  more  than  eight  questions. 

You  may  only  select  two  in  Magnetism,  three  in  Frictioual 
Electricity,  and  three  in  Voltaic  Electricity. 

The  value  attached  to  each  question  is  the  same. 


Magnetism, 

41.  The  north  pole  of  one  masj^et  and  the  south  pole  of  another 
are  placed  in  contact  with  one  end  of  a  rod  of  steel,  and 
drawn  to  the  other  end,  being  prevented  from  touching 
each  other  by  a  piece  of  wood  placed  between  them. 
Explain  the  nutgnetic  state  of  the  various  parts  of  tho 
steel  rod  at  the  moment  whe^  the  piece  of  wood  has 
reached  its  centre. 
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42.  Two  bar  magnets,  the  moments  of  which  are  in  the  ratio 

8  :  27,  are  placed  with  their  centres  3  feet  apart,  their 
magnetic  axes  being  in  the  same  straight  line,  which  is 
perpendicular  to  the  magnetic  meridian.  If  their  north 
poles  are  turned  towards  each  other,  find  the  position 
which  a  small  compass  needle  must  occupy  on  the  line 
joining  the  magnets  in  order  that  it  may  point  in  the 
same  direction  as  if  the  magnets  were  not  there. 

43.  A  glass  tube  containing  four  similar  pieces  of  hard  steel 

which  just  fill  it  when  placed  end  to  end,  is  suspended  so 
that  it  can  oscillate  about  its  central  point  in  a  horizontal 
plane.  What  will  be  the  nature  of  the  difierence  (if  anj) 
in  the  times  of  osoillation  when  (1)  the  two  outer  pieces 
only,  (2)  the  two  inner  pieces  only  are  magnetized, 
unlike  poles  being  in  both  cases  nearest  together? 
Keglect  the  efEects  of  induction,  and  give  reasons  for 
your  answer. 

44.  Explain  why,  in  determining  the  magnetic  dip  at  any  place, 

it  is  necessary  to  rererse  the  magnetism  of  the  needle  so 
as  to  make  each  end  of  it  dip  in  turn. 


Frictional  Electriciiy* 

45.  Two  equal  insulated  metal  balls  are  placed  near  each  other. 
One  of  them  receives  a  charge  of  positive  electricity. 
Show  by  a  diagram  the  distribution  of  the  lines  of 
electric  force  in  the  neighbourhood  of  the  balls. 

40.  Two  insulated  and  widely  separated  metallic  spheres  receive 
charges  of  positive  electricity  which  raise  their  potentials 
to  4  and  5  respectively.  The  densities  of  the  charges 
being  in  the  ratio  4  :  9,  compare  the  radii  of  the  balls. 

47.  Of  two  insulated  metallic  plates,  A  and  B,  which  are  placed 

near  and  parallel  to  each  other,  A  is  connected  with  the 
cap  of  an  electroscope,  and  B  receives  a  charge  of  elec- 
tricity. Explain  the  behaviour  of  the  gold  leaves  of  the 
electroscope  when  a  slab  of  unelectrified  sulphur  is  intro- 
duced into  the  space  between  the  plates. 

48.  A  hollow  metal  vessel  is  insulated,  connected  by  a  wire  with 

a  gold  leaf  electroscope,  and  charged  with  electricity. 
The  leaves  diverge.  An  uncharged  metal  ball  is  lowered 
into  the  vessel  without  touching  it,  (I)  by  a  silk  thread, 
and  (2)  by  a  wire.  What  is  the  effect  on  the  gold  leaves 
in  each  case  ? 

49.  Describe  the  principal  parts  of  a  simple  form  of  quadrant 

electrometer.  What  is  the  instrument  designed  to 
measure  P 
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VoUaie  EledrioUy, 

50.  A  plate  of  Emc,  and  a  plate  of  copper  are  in  contact  at  one 

end.  Their  other  ends  are  connected,  (1)  by  a  piece  of 
platinnm,  (2)  by  a  drop  of  dilute  acid.  Why  does  a 
carrent  flow  round  the  circuit  in  the  second  case  and  not 
in  the  first  ? 

51.  The  terminals  of  a  battery  of  five  Grove's  cells,  the  total 

electromotive  force  of  which  is  9  volts,  are  connected  by 
three  wires,  the  resistance  of  each  of  which  is  9  ohms. 
The  current  through  each  wire  is  six-sevenths  of  an 
ampere.    What  is  the  internal  resistance  of  each  cell  ? 

52.  The  poles  uf  a  cell  are  joined  by  two  wires  similar  in  all 

respects,  except  that  one  is  longer  than  the  other.  In 
which  is  the  greater  amount  of  heat  produced,  and  why  P 

53.  A  ring  is  made,  partly  of  iron  and  partly  of  copper  wire, 

the  junctions  being  A  and  B.  If  A  be  kept  at  O"*  and  B 
at  100°,  a  thermo-electric  current  is  produced  in  the 
circuit.  Similarly  a  current  is  produced  if  A  be  at  100° 
and  B  at  200°.  Have  the  currents  in  each  case  the  same 
strength  P     Give  reasons  for  your  answer. 

54.  When  a  circular  metallic  hoop  is  rotated  in  the  earth's 

magnetic  field,  electric  currents  are  generally  produced 
in  it.  In  what  positions  of  the  axis  of  rotation  will  the 
induced  currents  be  the  greatest  and  least  respectively  ? 
Give  reasons  for  your  answer. 


Honours  Eamnlnatlon. 


Bread  the  General  Instructions  on  p.  1. 

Full  marks  can  only  be  got  by  answering  all  the  questions. 


61.  Having  given  the  horizontal  intensity  of  the  earth's  mag- 

netic field,  give  a  detailed  account  of  the  construction  of 
a  tangent  galvanometer  by  which  the  intensity  of  electric 
currents  might  be  determined  in  absolute  measure. 

62.  It  is  sometimes  said  that  an  electric  current  behaves  as 

though  it  possessed  inertia.     Discuss  this  statement. 

63.  Discuss  the  evidence  in  favour  of  the  view  that  the  force  in 

play  between  two  electrical  charges  (each  supposed  con- 
centrated at  a  point)  varies  inversely  as  the  square  of 
the  distance  between  them. 
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C4.  Describe  fallj  some  method  of  detenninisg  the  penne- 
abilit  J  of  a  magnetic  substance. 

65.  Give  an  account  of  the  British  Association  experiment  for 
determining  an  electrical  resistance  in  absolute  measure. 
Show  how,  from  the  data  of  the  experiment,  the  resist- 
ance of  the  coil  nsed  is  obtained. 


Honotm  Fraotical  Ezaminatioii. 


Magnettmn  and  Electricity » 

1.  Determine  the  intensity  of  the  magnetisation  of  the  magnet 

supplied  to  you. 

N.B. — The  intensity  of  the  earth's  magnetic  field  may  be 
taken  as  0*18  C.G.S.  units. 

2.  Inyestigate  whether  an]r  correction  must  be  applied  to 

measurements  made  with  the  metre  bridge  supplied  to 
you  for  imperfect  contact  at  the  ends  of  the  wire. 

Use  a  method  which  will  enable  you  to  determine  the  error 
if  it  exists. 

N.B. — ^Tou    are    supplied    with    two    coils    of    which   the 
resistances  are  known  together  with  a  mirror  galvanometer,  &^ 

3.  Determine  the  strength   of   the    magnetic    field   in   the 

laboratory  by  the  method  of  induction. 

4.  Compare  the  resistances  supplied  to  you  by  the  condenser 

and  ballistic  galvanometer  method. 

5.  Determine  the  specific  resistance  of  the  sample  of  mercury 

supplied  to  you. 

N.B. — The  sample  has  not  been  specially  purified. 

6.  Compare  the  E.M.F.  of  two  cells  by  the  Quadrant  Electro- 

meter. 
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SUBJECT  X.     INOBaANIC  GHEMISTBT. 

ExAMiNBBS,  W.  J.  BUSSELL,  Esq.,  Pfl.D.,  RR.S.,  and 
PROFESSOR  T.  B.  THORPE,  B.Sc,  Ph.D.,  F.R.& 

Gbkbral  Instructionb. 
If  the  rnles  are  not  attended  to,  the  paper  will  be  cancelled. 

You  may  take  the  Elementary,  or  Alternative  Elementary, 
or  the  Advanced,  or  the  Honours  paper,'  but  you  must  confine 
yourself  to  one  of  them. 

Put  the  number  of  the  question  before  your  answer. 

The  value  attached  to  each  question  is  indicated  by  a  number 
placed  at  the  end  of  the  question.  But  a  full  and  correct  answer 
to  an  easy  question  will  in  all  cases  secure  a  laiger  number  of 
marks  than  an  incomplete  or  inexact  answer  to  a  more  difficult 
one. 

You  are  to  confine  your  answers  strictly  to  the  questions 
proposed. 

Your  name  is  not  given  to  the  Examiners,  and  you  are  for- 
bidden  to  write  to  them  about  your  answers. 

Tlie  examination  in  this  subject  lasts  for  three  hours. 


First  Stage  or  Elementary  Examination. 

Instructions. 
You  are  permitted  to  attempt  only  eight  questions. 

Whenever  possible,  yon  are  to  express  the  reactions  in  equa* 
tions. 

You  are  to  give  such  numerical  details  as  will  show  the  mode 
of  calculation. 


H  =  1.    O  =  16.    CI.  =  35.6.    N  =  14. 

1.  A  piece  of  marble  is  placed  in  dilute  hydrochloric  acid. 
Explain  why  it  disappears,  and  state  the  change  which  the 
marble  and  the  acid  undergo.  (9.) 

(3367)  V 
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2.  By  what  experiments  coald  70a  show  that  hydrogen  waa  a 
constitneni  of  bjdrochlorio  acid,  solphoiio  acid,  and 
ammonia  ?  (13.) 

3.  What  is  a  chemical  equation  f  Oive  in  the  form  of  chemical 
equations  the  action  of — 

(1.)  Snlphnric  acid  npon  common  salt 
(2.)  Stilphnric  acid  npon  copper  when  heated. 
(3.)  Snlphnric  acid  npon  an  aqneons  solution  of 
ammonia.  (10.) 

4.  By  what  tests  eonld  you  prove  that  a  substance  whidi  wis 
stated  to  be  sulphur  actually  was  that  element  ?       (12.) 

5.  Describe  fully  experiments  showin|^  (1)  the  analysis  of 
hydrochloric  add,  and  (2)  the  synthi^is  of  hydrochloric 
acid.  (13.) 

6.  How  can  sulphurous  acid  be  conyerted  into  sulphuric  add, 
and  how  can  sulphuric  acid  be  ccuterted  into  sulphnrcms 
acidP  How  could  yon  distinguish  a  sulphite  from  a 
sulphate?  (10.) 

7.  Name  the  substances  haviniif  the  following  fbrmul»:  Hf  8 } 
NHj  i  CO ;  HjiCOa  j  NO ;  ilO^ ;  SO, ;  0,.  (9.) 

8.  What  weight  of  pure  nitric  acid  wonld  contain  IGO  grams  of 

oxygen ;  and  what  weight  of  pure  hydrochloric  aicd  would 
contoin  100  litres  of  chlorine  at  the  standard  temperature 
and  pressure  P  (15.) 

9.  How  is  sulphuretted  hydrogen  made  ?  Describe  its  chief 
properties,  and  state  how  you  could  prore  that  it  contained 
its  own  volume  of  hydrogen  ?  (13.) 

10.  What  weight  of  oxygen  is  required  to  bum  16  grams  of 

hydrogen  to  water,  and  what  bulk  of  steam  at  standard 
temperature  and  pressure  would  this  amount  of  water 
produce  ?  (13.) 

11.  How  could  you  obtain  nitrogen  from  (1)  ammonia,  (2) 

nitrous  oxide,  and  (3)  air  P  (11.) 

12.  In  what  respects  does  the  air  iii  a  crowded   room  differ 

from  fresh  air  P  (8.) 


Alternative  First  Stage  or  Elementary  fixamination. 

Instructions. 
You  are  permitted  to  attempt  only  eight  questions. 


21.  Describe  an  experiment  to  show  that  air  has  weight. 

(8.) 
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22.  How  would  you  prove  by  experiment  that  air,  water,  and 

iron  expand  on  being  beated  H  (9.) 

23.  Why  is  the  gas  obtained  by  the  action  of  hydrochloric  acid 

upon  the  black  oxide  of  manganese  termed  *'  Chlorine  "  P 
Give  some  account  of  the  properties  of  this  gas,  and  name 
any  substances  known  to  you  that  contain  it.  (1-3.) 

24.  A  piece  of  charcoal  is  heated  in  the  air  until  it  disappears, 

leaving  only  a  white  residue  (ash).  Gite  an  explanation  of 
this  change.  (10.) 

25.  What  is  the  efEect  of  boiling  a  solution  of  sal-ammoniac  with 

lime  or  potash  ?  Name  the  gas  evolved,  and  state  from 
what  other  sources  it  can  be  obtained,  (13.) 

26.  Group  the  following  bodies  as  elements  or  compounds,  and 
divide  the  elements  into  metals  and  non-metals :  lead,  brass, 
brimstone,  starch,  graphite,  mercury,  glycerine,  clay,  alum, 
tin,  calcium.  (^3.) 

27.  Name  the  common  ores  of  iron,  and  state  how  cast  iron  is 

obtained  from  them.  (1>^*) 

28.  What  chemical  elements  are  found  in  chalk,  Common  salt, 

washing  soda,  blue  vitriol,  brass,  sugar,  sugar  of  lead,  and 
soap?  (9.) 

29.  How  i0  cane-sugar  obtained,  and  in  what  refipeots  does  it 
differ  from  grape-sugar  ?  (11.) 

30.  What  is  gluten,  and  how  is  it  obtained  f  (10.) 

31.  How  may  acetic  acid  be  prepared  (1)  from  alcohol,  and  (2) 

from  wood  ?  In  what  respects  does  acetic  add  resemble  and 
differ  from  sulphuric  acid.  (13.) 

32.  What  is  the  chemical  nature  of  tallow,  butter,  soap,  oil  ? 

(12.) 


Becond  Stage  or  Advanced  Examination. 

Instbuctions. 

Eead  the  General  Instructions  at  the  head  of  the  Elementary 
paper. 

You  are  only  permitted  to  attempt  eight  questions. 

Whenever  possible,  you  are  to  express  the  reactions  in  equa- 
tions. 

You  are  to  give  such  numerical  details  as  will  show  the  mode 
of  calculation. 


(3367)  p  2 
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H  =  l.     0  =  16.    S  =  32.    N  =  14.     K  =  39. 

41.  Explain  tbe  distinctions  between  an  empirical  formula,  a 

rational  formula,  and  a  constitational  formula.  (10.) 

42.  Of  what  use  in  a  knowledge  of  the  specific  heat  of  an 

element  to  the  chemist  ?  (11.) 

43.  How  can  potassium  chloride,  hypochlorite,  and  chlorate  be 
obtained  bj  the  action  of  chlorine  upon  caustic  potash. 
Give  the  composition  and  properties  of  these  salts.     (12.) 

44.  State  what  experiments  you  would  make  to  prove  that  when 
two  substances  A  and  B  separately  combine  with  a  third 
substance  C,  the  proportions  of  A  and  B  which  unite  with  0, 
are  measures  or  multiples  of  the  proportions  in  which  A  and 
B  combine  together.  (15.) 

45.  Group  the  following  elements  according  to  their  valency 

(atomicity) : — ^bismuth,  copper,  tin,  lead,  sodium,  arsenic, 
mercury,  iron,  potassium,  calcium,  silicon,  silver. 

Explain  the  meaning  of  the  terms  atomic  and  molecular 
weight.  (11-) 

46.  How  is  iodine  prepared,  and  how  may  it  be  converted  into 

hydriodic,  iodic,  and  periodic  acids  P  (12.) 

47.  300  C.C.  of  a  solution  of  caustic  potash  containing  40  grams 

KHO  per  litre  is  required  to  neutralise  100  c.c.  of  sulfuric 
acid,  and  the  same  volume  of  nitric  acid.  Calculate  the 
amount  of  acid  in  each  solution.  (15.) 

48.  How  are  lead,  mercury,  arsenic,  zinc,  and  antimony  obtained 
from  their  respective  sulphides  ?  (12.) 

49.  Give  the  chemical  formulad  of  the  following  substances: 
galena,  rock  salt,  dolomite,  fluorspar,  heavy  spar,  borax, 
calomel.  (11.) 

50.  Give  some  account  of  the  more  important  compounds  of 
silicon.  (12.) 


Honours  Szaxnination. 

Instructions. 


Bead  the  General  Instructions  at  the  head  of  the  Elementary 
paper. 

You  are  only  permitted  to  attempt  six  questions. 

Whenev^er  possible,  you  are  to  express  the  reactions  in  equa- 
tions. 

Ton  are  to  give  such  numerical  details  as  will  show  the  mode 
of  calculation. 
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61.  Give  some  accoant  of  the  experiments  by  which  Moissan  has 
succeeded  in  isolating  fiaorine.  (13.) 

G2.  Describe  the  general  phenomena  of  gaseous  dissociation 
with  special  reference  to  the  cases  of  nitric  peroxide, 
phosphorus  pentachloride,  and  ammonium  chloride. 

(16.) 

68.  Write  a  short  essay  on  the  chemical  relationships  between 
carbon  and  silicon.  (18*) 

G4.  Give  some  account  of  recent  work  on  the  theory  of  ex- 
plosion. 0-^') 

65.  Explain  in  detail  the  experimental  evidence  on  which  the 

atomic  theory  is  based.  (l^O 

66.  How  would  you  determine  the  copper,  iron,  and  sulphur 
in  a  sample  of  copper  pyrites  ?  (^5.) 

67.  Explain  how  it  is  possible  to  determine  the  molecular 
weight  of  a  substance  by  its  influence  in  lowering  iho 
melting  point  of  a  solvent.  0-^) 

68.  Give  an  account  of  some  of  the  services  which  spectrum 
analysis  has  rendered  to  chemistry.  (18.) 


SUBJECT  Xp.    PRACTICAL  INOBaANIC 
CHEMISTBT. 

Elementary  Stage. 

ExAMiNBBS,  W.  J.  RUSSELL,  Esq.,  Ph.D.,  F.R.S.,  and 
PROFESSOR  T.  E.  THORPE,  B.Sc,  Ph.D.,  P.R.S. 


Instructions. 
If  the  rules  are  not  attended  to,  the  paper  will  be  cancelled. 

You  are  only  permitted  to  attempt  two  questions. 

Put  the  number  of  the  question  before  your  answer. 

The  value  attached  to  each  question  is  indicated  by  a  number 
placed  at  the  eud  of  the  question. 

You  are  to  confine  your  answers  strictly  to  the  questions 
proposed. 

Your  name  is  not  given  to  the  Examiners,  and  you  are 
forbidden  to  write  to  them  about  your  answers. 

The  examtn(Uion  in  this  paper  lasts  for  one  hour. 

i 
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1.  Give  the  equations  wbicb  explain  the  changes  which  occur 

when  ammonia  is  added  to  lead  nitrate ;  nitric  acid  to 
calcium  carbonate;  caustic  potash  to  ferric  chloride;  disodiom 
hydrogen  phosphate  to  magnesium  sulphate ;  and  ammonium 
sulphide  to  hydrochloric  acid.  (15.) 

2.  By  what  tests  would  you  establish  that  the  nitric  acid  yon 

use  as  a  nagent  was  free  from  hydrochloric  and  sulphuric 
aoids.  (10.) 

3.  Describe  a  series  of  experiments  by  which  you  could  demon- 

state  the  chief  properties  of  carbon  dioxide.  (10.) 


SUBJECT  Tip.    FBACTICAL  INOBGANIC 
GHEMI8TST. 


PRACTICAL    EXAMINATION   IN    CHEMICAL 
ANALYSIS. 

Examinees,  W.  J.  RUSSELL,  Esq.,  Ph.D.,  F.R.S.,  and 
PROFESSOR  T.  B.  THORPE,  B.Sc.,  Ph.D.,  F.R.S. 

Instructions  to  Candidates, 
Analysis  Tables  and  Works  on  Chemistry  may  not  be  used. 

^  Slementary  Stage. 

The  practical  work  for  the  elementary  stage  examinatioB  is 
confined  to  the  qnalitative  analysis  of  two  mixtures,  each  con- 
taining  not  more  than  two  metals  and  one  acid  from  the  foUowiDg 
list: 

Lead,  mercnry,  iron,  calcinm,  magnesinm,  potassiom,  am- 
moninm,  carbonic  acid,  nitric  acid,  snlphnnc  acid, 
hydrochloric  acid. 

Two  and  a  quarter  hours  are  allowed  for  this  part  of  the 
examination. 
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SUBJECT  Zp-    FBACTIGAL  INORGANIC 
CHEMISTRY. 

Advanced  Stage. 

ExAMiNEHS,  W.  J.  RUSSELL,  Esq.,  Ph.D.,  F.R.S.,  and 
PROFESSOR  T.  E.  THORPE,  B.Sc,  Ph.D.,  F.R.S. 


QfiKERAL  Instructions. 

If  the  rules  are  not  attended  to,  tfia  paper  will  be  cancelled. 

Yon  are  only  permitted  to  attempt  two  qaestions. 

Pat  the  number  of  the  question  befoi*e  joor  answer. 

The  yalne  attached  to  each  question  is  indicated  by  a  number 
placed  at  the  end  of  the  question. 

Whenever  possible  yon  are  to  expresa  reactions  in  equations. 

You  are  to  confine  your  answers  strictly  to   the  questions 
pix)po6cd. 

Your  name  is  not  given  to  the  Examiners,  and  you  are  for- 
bidden to  write  to  them  about  your  answers. 

The  examination  in  this  paper  lasts  for  one  hour. 


1.  A  solution  contains  lead  and  mercury  and  no  other  metal. 

By  what  tests  would  you  fully  identify  these  metals  ?  Give 
the  equation  for  each  reaction  used  and  apply  no  reaction 
which  is  not  necessary.  (10.) 

2.  How  could  you   aaoertain   the  presence  of  sulphur,   phos- 

phorus, carbon,  and  silicon  in  cast-iron  ?  (15.) 

3.  Deftcribe    fully    how    you    would     prepare    phosphoretted 

hydrogen.  (10.) 
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SUBJECT  Xp.    PRACTICAL  INOEGAMIG 
CHEMISTBY. 


PRACTICAL  EXAMINATION  IN  CHEMICAL 
ANALYSIS. 


EXAMIXER.S  W.  J.  RUSSELL,  Esq.,  Ph.D.,  F.R.S.,  axd 
PROFESSOR  T.  E.  THORPE,  B.Sc,  Ph.D.,  P.R.S. 


Indruetiatu  to  Candidates. 
Analyflb  Tables  and  Woiks  m  Chendstiy  may  not  be  used. 


Advanced  Stage. 

The  two  test  sabstances  supplied  for  qnalitatiYe  analysis  to 
candidates  in  the  advanced  stage  consist  of  mixtnres,  eadi 
of  which  may  consist  of  not  more  than  two  simple  salts,  the 
materials  of  which  may  be  selected  from  the  following 
list : — ^Potassiam,  sodium,  ammonium,  magnesium,  calcium, 
strontium,  barium,  aluminium,  chromium,  zinc,  manganese, 
iron,  cobalt,  nickel,  arsenic,  antimony,  tin,  cadmium, 
copper,  bismuth,  mercury,  lead,  silyer,  hydrosulphuric 
acid,  hydrochloric  acid,  bydrobromic  acid,  hydriodic  acid, 
sulphurous  acid,  nitric  acid,  chloric  acid,  carbonic  acid, 
hydrofluoric  acid,  phosphoric  acid,  sulphuric  acid. 

Three  and  a  quarter  hours  are  allowed  for  this  pari  of  the 
examination. 


Honours. 

Three  substances  are  sapplied  to  each  candidate  in  honours,  two 
for  qualitative  and  the  third  for  quantitative  analysis. 

The  two  substances  supplied  for  qualitative  analysis  consist  of 
mixtures,  which  must  be  examined  for  all  the  bodies  named 
above  in  the  instructions  for  tho  advanced  stage. 

The  substance  for  quantitative  analysis  need  not.be  analysed 
qoalitatively. 
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Qitantitalive  Analysis. 

Each  candidate  is  furnislied  witH  a  numbered  bottle  containing 
a  powder  in  whicb  carbonic  acid  has  to  be  quantitatively 
determined. 

The  results  must  be  ezpi*essed  in  grams  of  CO2  in  100  grams  of 
the  powder. 

The  candidate  is  recommended  to  weigh  out,  accurately,  from 
0*5  to  2  grams  of  the  powder,  according  to  the  method  em- 
ployed, for  the  purpose  of  analysis. 

The  candidate  must  not  omit  to  place  upon  his  worked  paper 
the  number  attached  to  the  bottle  containing  the  powder 
he  hsA  analysed. 

Eight  hours  are  allowed  for  the  examinaHons  in  qualitative 
and  quantitative  analysis  in  Sonours, 


SUBJECT  XI.     OBaANIG  GHEMISTBi;. 

ExAMiHERS,  W.  J.  RUSSELL,  Esq.,  Ph.D.,  F.R.S.,  and 
PROFESSOR  T.  B.  THORPE,  B.So.,  Ph.D.,  F.R.S. 


Qensbal  Instbuotions. 
If  the  rules  are  not  attended  to,  the  paper  will  be  cancelled. 


You  may  take  the  Elementary,  or  the  Advanced,  or  the 
Honours  paper,  but  you  must  confine  yourself  to  one  of  them. 

Put  the  number  of  the  question  before  your  answer. 

Whenever  possible,  you  are  to  express  the  reactions  by  equa- 
tions. 

You  are  to  give  such  numerical  details  as  will  show  the  mode 
of  calculation. 

The  value  attached  to  each  question  is  indicated  by  a  number 
placed  at  the  end  of  the  question,  but  a  full  and  correct  answer 
to  an  easy  question  will  in  all  cases  secure  a  larger  number  of 
marks  than  an  incomplete  or  inexact  answer  to  a  more  difficult 
one. 
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Yon  are  to  confine  yonr  answers  stricUy  to  the  qnestions 
proposed. 

Your  name  is  not  given  to  the  Examiners,  and  joa  are  for- 
bidden to  write  to  them  abont  your  answers. 

The  examination  in  this  subject  lasts  for  three  Tumrs. 


Tin*  Stag0  or  SlemajitarF  Sxaminftiioii. 

Ikstructions. 
Yon  are  permitted  to  attempt  only  eight  qnestions. 

C  =  12.    N  =  14.    H  =  l.    0=16. 

1.  Describe  the  method  of  oondncting  the  nltimate  organio 
analysis  of  ethyl  alcohol.  (9.) 

2.  In  what  cases  is  there  a  similarity  of  reaction  between 
cyanogen  and  chloriae  ?  How  can  cyanogen  be  prepared  ? 
What  is  the  weight  of  100  c.c.  at  the  standard  temperature 
and  pressure  F  (13.) 

3.  What  are  the  generic  properties  of  an  alcohol  ?  (9.) 

4.  Why  is  marsh- gas  classed  as  a  paraffin  ?  By  what  reactions 
is  it  nsually  prepared  ?  Under  what  circnmstances  is  it 
f onnd  in  nature  ?  (13.) 

5.  Describe  the  preparation  and  properties  of  the  chief 
carbonyl  compounds.  (10.) 

6.  Calcnlate  the  empirical  formula  of  a  substance  which  has 

the  following  percentage  composition : — 

Carbon  ...  4000 
Hydrogen  . . .  6*67 
Oxygen       ...       5333 

100-00  (12.) 

7.  How  can  ordinary  alcohol  be  converted  into  acetaldehydo 

and  acetaldehyde  into  acetic  acid?     Is  it  possible  to  get 
corresponding  bodies  in  the  methyl  series ;  if  so,  how  ? 

(13.) 

8.  Explain  fully  the  steps  by  which  ethyl  alcohol  is  trans, 
formed  into  ethyl  ether  in  the  ordinary  process  of  mana- 
factnre,  and  point  out  the  analogy  which  exists  between 
the  ethereal  salts  and  those  of  potassium.  (13.) 


Digitized  by  VjOOQIC 


XI.^ORGANIO   CHBMISTRT.  91 

9.  Give  examples  in  which  chlorine  acts  by  substitution,  and 
others  in  which  it  does  not  so  act.  What  ia  meant  by  the 
terms  "  saturated  "  and  "  non-satarated  "  hydrocarbons  ? 

(10.) 

10.  Describe  the  synthetical  formation  of  ethyl  alcohol.     If 

10  grams  of  pure  alcohol  were  completely  burned,  what 
would  be  the  weight  of  each  product  formed  ?  (15- ) 

11.  What  is  the  evidence  of  the  tetrad  nature  of  carbon  ? 

(8.) 

12.  How  is  chloroform  prepared  ?     What  are  its  properties  and 
what  is  the  action  of  chlorine  upon  it  in  sunlight?  (11.) 


Seoond  Stage  or  Advaxxcod  EauuoniiiAtion. 

Instbucttons. 

Read  the  General  Instructions  at  the  head  of  the  Elementary 
paper. 

You  are  permitted  to  attempt  only  eight  questions. 

21.  Explain  how  the  process  of  substitution  in  the  case  of 
marsh-gas  serves  to  establish  that  the  atomic  weight  of 
carbon  is  12.  (10.) 

22.  What  is  the  anhydride  of  a  fatty  acidP  How  is  acetic 
anhydride  obtained,  and  what  are  its  properties  P      (12.) 

23.  Describe  fully  the  method  you  would  adopt  for  the  ultimate 
analysis  of  chloroform.  (1^-) 

24.  Point  out  the  relations  between  ethylene,  glycol,  glycolHc 
acid,  and  oxalic  acid.  (12.) 

25.  What   is   the   evidence   that    ethylene    has   the  structure 

CH2.CH3  and  not  CH3.CH  ?  (12.) 

26.  Describe  how  morphine  can  be  prepared  from  opium. 
Whftt  are  its  chemical  properties,  and  why  is  it  classed  as 
an  organic  alkaloid  ?  (12.) 

27.  Explain  how  you  could  make  acetone  from  methyl  alcohol. 

What  are  the  characteristic  properties  of  the  ketones  P 

(10.) 

28.  Trace  the  steps  by  which  starch  can  be  converted  into 
alcohol.  (12.) 
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29.  How  18  glyceriua  obtained  from  fat  ?     What  is  the  experi- 

mental evidence  that  it  is  a  trihydric  alcohol  ?  (10.) 

30.  How  ate  malic,  saccinic,  and  tartaric  acids  obtained  ? 

(15.) 


Honours  EzaminatioxL 

iHSTBUCnOHS. 


Bead  the  (Seneral  Instructions  at  the  head  of  the  Elementary 
paper. 

Yon  are  permitted  to  attempt  six  questions. 


41 .  Explain  why  it  is  assumed  that  the  molecule  of  naphthalene 
is  formed  by  the  combination  of  two  benzene  residnes  in 
such  manner  that  these  have  two  carbon  atoms  in  common. 

(14.) 

42.  What  IB  the  general  mode  of  action  of  nitrous  add  upon 

amido  compounds?  How  are  the  diaso-compouads  pre- 
pared ?  Explain  the  action  of  water,  alcohol,  and  hydro- 
chloric acid  upon  diazo-bensene  nitrate,  and  point  out  the 
use  ^f  these  reactions  in  the  study  of  the  substitution 
products  of  the  benzene  series.  (18.) 

43.  How  is  salicylic  acid  prepared  on  a  manufacturing  scale  ? 
Point  out  its  relations  to  para-  and  meta-oxybenzoic  acids. 

(16.) 

41:.  Give  some  account  of  thiophene  and  its  chief  deriTatires. 

(16.) 

45.  What  are  the  azines  (quinoxalines)  P  How  are  they 
prepared,  and  what  colouring  matters  belong  to  this  class  f 

(18.) 

46.  Give  the  constitutional  formula  of  the  theoretically  possible 
mono-  and  di-chloronaphthalenes.  Describe  a  synthesis  of 
a-naphthol  which  prores  the  constitution  of  this  com- 
pound. .  (17.) 

47.  Give  some  account  of  recent  work  on  the  terpene  series. 

(15.) 

48.  Describe  any  recent  synthesis  of  vegetable  compounds. 

(13.) 


Digitized  by  VjOOQIC 


9Ji 


SUBJECT  Xlp.     PRACTICAL  ORGANIC 
CHEMISTRY. 

Examiners,   W.  J.  RUSSELL,  Esq.,  Ph.D.,  F.R.S.,  and 
PROFESSOR  T,  E.  THORPE,  B.Sc,  Ph.D.,  P.R.S. 

Oenebal  Instructions. 

If  the  roles  are  not  attended  to,  the  paper  will  be  cancelled. 

Yon  mast  take  the  same  stage  in  this  written  examination 
that  jon  are  taking  in  the  examination  in  Practical  Analysis 
in  this  subject. 

Put  the  number  of  the  question  before  your  answer. 

The  value  attached  to  each  question  is  indicated  by  a  number 
placed  at  the  end  of  the  question. 

You  are  to  confine  your  answers  strictly  to  the  questions 
proposed. 

Your  name  is  not  given  to  the  Examiners,  and  you  are  for- 
bidden to  write  to  them  about  your  answers. 

The  examination  in  this  paper  lasts  for  one  hour. 


First  Stage  or  Elementary  Sxamination. 

Instructions. 
You  are  only  permitted  to  attempt  two  questions. 


1.  Describe  how  you  would   obtain  anhydrous   alcohol  from 

sugar.  (10.) 

2.  You  are  required  to  prepare  some  pure  acetic   acid  from 

vinegar.     Describe  your  method,  and  state  how  you  would 
assure  yourself  of  the  purity  of  your  product.  (150 

3.  Specimens  of  alcohol,  chloroform,  and  acetic  acid  are  con- 

taminated with  water.     How  would  yon  obtain  them  in  tho 
anhydrous  state  P  (10.) 
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Second  Stage  or  Advaaced  Ezamixkation. 

Instructions. 

Bead  the  (General  Instractioiifl  at  the  bead  of  the  Elementary 
paper. 

You  are  only  permitted  to  attempt  iufo  questions. 


21.  Give  a  sketch  of  the  apparatus  you  wonld  tise,  and  state  the 
precautions  you  would  take  in  preparing  pure  ethylene. 

(10.) 

22.  Describe  the  methods  of  detecting  the  presence  of  nitrogen 
and  chkrine  in  organic  compounds.  (10.) 

23.  Describe  bow  you  would  prepare  a  small  quantity  of  urea 
from  potassium  ferrocyanide.  (15.) 


SUBJECT  XIp.    PBACTICAL  ORAAmC 
CHEMISTBY. 

PRACTICAL  EXAMINATION  IN  CHEMICAL 
ANALYSIS. 


ExAMiNiBS,    W.  J.  BUSSELL,  Esq.,  Ph.D.,  F.R.S.,  and 
PROFESSOR  T.  E.  THORPE,  B.Sc,  Ph.D.,  F.R.S. 


Instructions  to  Candidates, 
Analysis  Tablea  and  Works  on  Chemistiy  may  hot  be  nssd. 


■Icmentary  Stage. 

The  practical  work  for  the  Elementary  Stage  fixaminatien  is 
confined  to  the  qualitative  analysis  of  two  mixtures,  which  may 
each  contain  not  more  than  two  of  the  following  oonstitnentB, 
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togetlier  with  an  inorganic  base  or  bases  which  need  not  be 
determined  :— 

Formic  acid,  acetic  acid,  oxalic  acid,  tartaric  acid,  salicylic 
acid. 

Two  and  a  qwvrier  howrs  ore  allowed  for  ikis  pari  of  the 
examination. 


▲dvanoed  Stage. 


The  practical  work  for  the  advanced  stage  examination  is 
confined  to  the  qualitative  analysis  of  two  substances,  each 
of  which  may  contain  not  more  than  two  organic  bodies 
selected  from  the  following  list :  Hydrocyanic  acid,  oxalic 
acid,  acetic  acid,  tartciric  acid,  citric  acid,  salicylic  acid, 
grape  sugar,  starch,  morphine,  and  urea. 

Any  iiiorganio  bodies  present  need  not  be  determined. 

Three  and  a  quarter  howrs  are  allowed  for  this  part  of  the 
examinaHon. 


HonotM. 

The  examination  in  Honours  consists  of  a  qualitative  analysis  of 
the  two  mixtures  supplied,  and  of  the  determination  of  the 
percentage  of  chlorine  contained  in  the  organic  Bobstance 
.    distributed  for  this  purpose. 

The  bottle  marked  (A)  contaiDS  a  substance  in  which  the  per- 
centage of  chlorine  is  to  be  determined  by  Organic 
Analysis. 

JEight  howre  Offe  allowed  for  the  examvnoHone  in  jtuditaHve  and 
quantitative  anahfsis  in  Honoure, 


SUBJECT   X£L     OEOLOGT. 

ExAMiKKR,  H.  W.  BRISTOW,  F.R.S.,  F.G.S. 

0]iNBSA.L  Instructions. 
If  the  rules  are  not  attjsnded  to,  the  paper  will  be  cancelled. 

You  may  fakd  the  fitement^rv,  or   the  Advanced,  or  the 
Honoutis  paper,  but  you  must  confine  yourself  to  one  of  them. 
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Put  the  xmmber  of  the  question  before  your  answer. 

Yon  are  to  confine  your  answers  strictly  to  the  qnestioiiB 
proposed. 

The  value  attached  to  each  question  in  the  Elementaxy  and 
Advanced  papers  is  shown  in  brackets  after  the  question,  but  a 
full  and  correct  answer  to  an  easy  question  will  in  all  cases 
secure  a  larger  number  of  marks  than  an  incomplete  or  inexact 
answer  to  a  more  difficult  one. 

Your  name  is  not  given  to  the  Examiner,  and  you  are 
forbidden  to  write  to  liim  about  your  answers. 

The  examinctHon  in  thi$  mbject  lasts  for  three  hours. 


First  Stage  or  Elementary  Bzaznination. 

Instbuotions. 

Bead  the  General  Instmctions  on  Page  1. 

You  are  permitted  to  attempt  eight  questions  only. 

1.  How  has  sediment,  originally  soft,  become  converted  into 

hard  lock?  (15.) 

2.  Describe  briefly  any  one  British  stratified  formation,  and 

mention  its  chief  fossil  contents.  (15.) 

3.  Arrange  the  following  formations  in  chronological  order, 

beginning  with  the  newest : — Arenig  rocks,  Combrash, 
Oault,  Wenlock  Beds,  Kellaways  Bock,  Old  Bed  Sand- 
stone,  Chalk.  (15.) 

4.  State  the  geological  range  in  Britain  of  Belemnitee,  Bhyn- 

chonella,  Ostrea,  Trigonia,  Nautilus,  Pleurotomaria ; 
and  mention  whether  any  of  these  genera  are  still  living. 

(15) 

5.  What  is  Qravel  P     Mention  some  important  deposit  of  this 

material,  stating  its  composition  and  mode  of  occurrence. 

(10.) 

6.  Under  what  conditions  and  in  what  state  is  Gold  usually 

found  ?  (10.) 

7.  Mention  two  living  genera  of  animals  found  in  PalsBosoic 

strata,  and  four  found  in  Secondary  strata.  (10.) 

8.  From  what  rocks  do  we  derive  supplies  of  Common  Salt, 

and  in  what  ways  la  it  obtained  f  (10.) 
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9.  How   are    landslips    cansed?      Mention  two    i*emarkable 
instances  of  snch  occurrences.  (10.) 

10.  What  is  the  general  character  of  Bonlder  Clay  ?     Give  one 

explanation  of  its  origin.  (1^0.) 

11.  How  are  supplies  of  drinking-water  to  be  obtained  other- 

wise than  at  the  surface  of  the  gi'onnd?  Draw  a 
section  showing  favourable  conditions  for  obtaining  a 
supply.  (10.) 

12.  Mention  the  chief  districts  where  Granite  is  fo and  in  the 

British  Islands,  and  give  one  instance  where  the  geo- 
logical age  of  the  rock  can  be  determined.  (10.) 


Seoond  Stage  or  Advanced  Examination. 

Ikstbugtions, 

Head  the  General  Instructions  on  Page  1 . 

You  are  permitted  to  attempt  six  questions  only. 


21.  Give  a  short  account  of  the  Carboniferous  Limestone,  men* 

tioning  its  chief  lithological  characters,  the  more  pro- 
minent genera  of  its  fossils,  its  economic  uses,  and  the 
kind  of  scenery  to  which  it  gives  rise.  (A^-) 

22.  State  what  inferences  you  would  draw  from  the  presence  in 

one  bed  of  Cardium,  Cerithium,  Cyclas,  Limn»a,  Litto- 
rina,  Ostrea,  Paludina,  Planorbis,  Rissoa,  and  Scrobicu- 
laria.  (40.) 

23.  What  great  changes  took  place  in  the  animal  life  of  the 

British  Islands  at  the  close  of  the  Glacial  period  ? 

(30.) 

24.  What  are  "  coprolites  ?  "    Mention  any  British  formations 

in  which  they  occur  abundantly,  and  state  their  economic 
value.  (30.) 

25.  What  are  Septaria  P     In  what  kinds  of  rock  are  they  more 

commonly  found  ?  Mention  three  formations  in  which 
they  are  especially  abundant,  and  note  their  economic 
uses.  (30.) 

26.  State  briefly  the  lithological   characters  of  the  following 

rocks,  and  the  formations  to  which  they  belong : — Bnth 
Stone,  Pennant  Grit,  Cotham  (or  Landscape)  Marble, 
Gannister,  Penrhyn  Slates,  Kentish  Rag.  (30.) 

27.  Explain  how  the  contortions  which  are  frequently  seen  in 

Drift  deposits  may  have  been  produced.  (30.) 

(33o7)  « 
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28.  How  maj  Islands  be  prodnood?      Metition  kdj  eTidesee 

that  leads  to  sliow  the  great  geological  age  of  certain 
islands.  (90.) 

29.  Define  what  is  meant  by   Andeeite,  Berpenlane,  Diabase, 

Chert,  Mica-trap,  and  Graphite.  (dO.) 

80.  State  the  geological  formations  and  zoological  order  to 
which  six  of  the  following  species  belong: — Ostrea 
deltoidea,  Lingnlella  Davisii,  Cidaris  fiorigemma,  ATicnla 
echinata,  Galymene  Blnmenbachii,  Calceola  sandaliiia, 
Tei-ebratola  mazillata,  Productnfi  gigantena,  Ammonites 
Parkinsoni,  Micraster  corangoinnm.  (30.) 


HonourB  ExaTnination> 
Ihstbuotiohs. 


Read  the  General  Instructions  on  Page  I. 
You  are  permitted  to  attempt  all  the  questions. 
The  value  attached  to  each  question  is  the  same. 


41.  Explain  the  term  Laccolite,  giving  examples  and  diagrams. 

42.  State  the  principal  subdivisions  of  the  Carboniferous  Lime- 

stone Series  in  three  distinct  localities  in  the  British 
Islands.  Note  the  moie  important  products  of  those 
rocks  in  the  districts  you  mention. 

43.  Write  a  shoH  account  of  the  Bath  Waters,  and  give  some 

explanation  of  their  temperature,  the  depth  from  which 
tbcy  probably  lise,  and  the  origin  of  their  saline 
iogi^dients. 

44.  Explain  the  formation  of  Oolitic  Limestones,  of  Oolitic  Iron- 

ore,  and  of  Clay-ironstone. 

45.  Give  some  account  of  the  Permian  rocks  of  Britain  and  their 

fossils.  State  the  relations  (stratigraphical  and  palaonto- 
logical)  of  those  rocks  to  the  Carboniferous  and  Triassic 
strata. 

4G.  Describe  some  structures  in  rock-masses  that  resemble 
bedding.  State  how  you  would  distinguish  then],  and 
explain  how  they  may  have  been  produced.  Give 
examples,  mentioning  the  districts  in  which  they  occur. 


Digitized  by  VjOOQIC 


99 


SUBJECT    Xm.     MINERAL067. 

Examiner,  F.  RUTLET,  Esq. 


General  Instructions. 
If  the  roles  are  not  attended  to,  the  papers  will  be  cancelled. 

You  may  take  the  Elementary,  or  the  Advanced,  or  the 
Honours  paper,  in  accordance  with  the  application  which  has 
been  made,  but  yon  must  confine  yourself  to  one  of  them. 

Pat  the  number  of  the  question  before  your  answer. 

You  are  to  confine  your  answers  stricUjf  to  the  questions 
proposed. 

Your  name  is  not  given  to  the  Examiner,  and  you  are  for* 
bidden  to  write  to  him  about  your  answers. 

The  esMnUnaUon  in  ihU  suhjed  la^far  three  hours. 


Fimt  St^e  or  Elementairy  Examination. 

Instructions. 

You  are  only  permitted  to  at*/empt  six  questions  in  all,  of 
which  the  last  question  (No.  10)  is  obligatory. 

The  value  attached  to  eajch  question  is  shown  in  brackets 
after  the  question. 


1.  in  what  respects  does  Opal  differ  from  Quartz  P         (14.) 

2.  Give  Mohs'  scale  of  hardness,  and  state  the  approximate 

hardnesses  of  the  following  minerals  : — Copper- pyrites, 
Iron-pyrites,  Ruby,  Biotite,  Iceland-spar,  and  Tinstone. 

(14.) 

3.  State  what  you  know  concerning  Talc  and  Muscovite. 

(14.) 

4.  In  what  systems  do  the  following  minerals  crystallise : — 

Orthoclase,  Fluorspar,  Barytes,  and  Beryl?  (14.) 

(3367)  0  2 
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5.  Draw  a  crystal  of  each  of  the  minerals  mentioned  in  the 

preceding  question,  No.  4.  '  (14.) 

6.  State  the  chemical  composition  of  the  following  minerals : 

— Galena,    Quartz,    Orthoclase,    Nitre,    Diamond,   and 
Sapphire  ?  (14.) 

7.  What  is  meant  in  crystallography  by  the  expressions  "holo- 

hedi-al  "  and  "  hemihedral  ?  "     Illustrate  your  answei  by 
two  drawings.  (14.) 

8.  Name  four  minerals  which  occnr  as  ravbonates,  and  which 

respectively  yield  lead,  zinc,  copper,  and  iron. 

(14) 

0.  What  are-  the  dii-ections  of  cleavage  in  Rock-salt,  Topaz, 
and  Fluorspar?  (14.) 

10.  Name  the  three  specimens  placed  before  you.  State  the 
chemical  composition  of  each  and  the  system  in  which  it 
crystallises.  Also  make  a  blowpipe  analysis  of  the  three 
powdered  minerals  supplied  to  you.  State  your  result  i 
and  the  means  by  which  you  have  obtained  them  quite 
clearly  and  biiefly.  (30.) 


Second  Stage  or  Adyaneed  Examination. 

Instructions. 

Bead  the  Genei*al  Instructions  at  the  head  of  the  Elementary 
paper. 

You  are  only  permitted  to  attempt  six  questions  in  all,  of 
"which  the  last  two  (Nos.  29  and  30)  are  obligatory. 

The  value  attached  to  each  question  is  shown  in  brackets 
after  the  question. 


'21 .  What  is  implied  by  the  term  " form  "  in  crystallography? 

(14.) 

2'2.  Define  the  relative  positions  of  the  planes  and  axes  of 
symmetry  in  ^  cube  and  in  a  tetragonal  prism  respec- 
iively.  (14) 

23.  Describe  the  minerals  Wulfenite,  Witherite,  and  Pyromor- 

phite.  (14.) 

24.  Upon  what  account  respectively  are  the  following  minerals 

of   industrial  importance: — Calamine,  Ulexite,  Caprite, 
Barytos,  Stephanite,  and  Smaltine  ?  (14.) 

25.  Give  a  short  account  of  the  minerals  classed  as  varieties 

of  Hematite.  (14.) 

2C.  State  -what  you  know  concerning  the  minerals  which  con- 
stitute the  Pyroxene  group.  (14.) 
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27.  By  what  chiracfcers   would   you   diatingaish   an  optically 

uniaxial  from  an  optically  biaxial  crystal  ?  0-^) 

28.  Draw  a  twinned  crystal  of  Staurolite,  marking  tho  faces 

either  with  Naumann's  or  Miller's  symbols.  (14-) 

29.  Describe    the   six    models   placed   before   you,    naming   a 

mineral  which  crystallises  in  each  of  these  forms. 

(14.) 

30.  Name  the  three  specimens  set  before  you,  and  state  the 

chemical  composition  and  crystallographic  system  of 
each.  Also  make  a  qualitative  blowpipe  analysis  of  tho 
three  powdered  minerals  supplied  to  you,  clearly  and 
bnefly  describing  your  results,  and  how  you  obtained 
them.  (30.) 


Honours  Ezamination. 

Insteuctions. 

Read  the  General  Instructions  at  the  head  of  the  Elementary 
paper. 

You  are  only  permitted  to  attempt  six  questions  in  all,  of 
which  the  last  (No.  48)  is  obligatory. 

The  value  attached  to  each  question  is  shown  in  brackets 
after  the  question 

41.  Name  any  minerals  isomorphous  with  Tinstone,  stating  tho 

chemical  composition  of  each.  (14.) 

42.  In  what  respects   does  Hornblende   differ  from   Arfved- 

sonite,  Anthophyllite,  and  Glaucophane  ?  (14.) 

43.  Describe  the  optical  characters  pi-esented   respectively  by 

Orthoclase  and  Microcline  ?  (14.) 

44.  Give  a  short  description  of  the  Manganese  oxides,  including 

Polianite.  (14.) 

45.  State  what  you   know  concerning  Leucoxene,  Cymatolite, 

and  Sagenite.  (14.) 

46.  Describe   the   methods   which   may  be    employed  for  the 

determination  of  the  directions  of  maximum  extinction  of 
light  in  crystals.  ( 14.) 

47.  Describe  the  principal  ores  of  Zinc.  (14.) 

48.  Name    the    six  specimens   placed   before  yon,  stating  the 

chemical  composition  of  each  and  the  system  in  which 
it  crystallises.  Also  make  a  complete  qualitative 
analysis  of  the  three  powdered  minerals  supplied  to  you, 
stating  the  results  and  the  means  by  which  yoti  arrived 
at  them.  (30.) 
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SUBJECT  XIV.     ANIMAL  FH7SI0L00T. 

EuMnrBBS,  PROFESSOR  HUXLEY,  LL.D.,  F.RS.,  akd 
PROFESSOR  M.  FOSTER,  M.D.,  Seo.R.S. 


Gbkbbal  Ihstbuctiohs. 
If  the  rales  are  not  attended  to,  the  paper  will  be  cancelled, 

Yoa  maj  take  the  Elementarj,  or  the  Advanced,  or  the 
Honours  paper,  bat  jon.  must  confine  yourself  to  one  of  them. 

Put  the  number  of  the  question  before  jonr  answer. 

The  value  attached  to  each  question  in  the  Elementary  and 
Advanced  papers  is  shown  in  brackets  after  the  question,  bat  a 
full  and  correct  answer  to  an  easy  question  will  in  all  cases 
secure  a  larger  number  of  marks  than  an  incomplete  or  inexact 
answer  to  a  more  difficult  one. 

Your  name  is  not  given  to  the  Examiners,  and  yon  are  for- 
bidden to  write  to  them  about  your  answers. 

Yon  are  to  confine  your  answers  strictly  to  the  questions 
proposed. 

The  examination  in  this  tuhject  lasU  ftyr  three  houn. 


First  Stage  or  Elementary  ExaminatioD. 

Instructions. 
You  are  permitted  to  attempt  only  eight  questions. 


What  is  the  composition  of  ordinary  atmospheric  air? 
State  exactly  how  expired  air  differs  from  inspired  air, 
and  explain  how  these  differences  can  be  proved.  Ex- 
plain the  bad  effects  of  breathing  over  again  air  which 
has  been  already  used  for  breathing.  (15.) 

State  the  form,  position  in  the  body,  and  general  structure 
of  the  stomach.  What  are  the  chief  changes  which  an 
ordinary  meal  undergoes  in  the  stomach,  and  in  what 
condition  does  the  food,  which  is  not  absorbed  by  the 
stomach,  pass  through  the  pylorus  into  the  duodenum  ? 

(15.) 

What  is  a  capillary  ?  About  how  big  is  a  capillary  ?  How 
does  a  capillary  differ  from  an  artery  and  from  a  vein  ? 
What  changes  take  place  in  the  blood  as  it  passes  throngh 
a  capillary  in  such  a  tLssue  as  muscle  ?  In  what  parts  of 
the  body  are  no  capillaries  to  be  found  ?  (!•*>•) 
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4.  Describe  the  form  and  general  strnctnre  of  the  left  yentricle 

of  the  heart.  Describe  the  valves  as  they  may  be  seen 
when  the  cavity  is  laid  open.  Explain  how  the  ventricle 
empties  itself  at  each  beat  of  the  heart.  (15.) 

5.  Give  an  account  of  the  position  and  general  strnctnre  of 

the  liver.  Where  does  most  of  the  blood,  supplying 
the  liver,  come  from  P  Does  that  blood  which  thus 
reaches  the  liver  while  digestion  is  going  on,  differ  from 
the  blood  which  reaches  the  liver  when  no  food  has  been 
taken  for  some  time  ?     If  so,  how  ?  (10.) 

6.  Explain  how  it  is  that  the  body  has  always  nearly  the  same 

temperature,  whatever  be  the  temperature  of  the  sur- 
rounding air.  (1^0.) 

7.  What  is  "  serum  "  of  blood  ?     What  are  the  most  important 

bodies  present  in  it?  How  does  serum  differ  from 
plasma?  (1^0.) 

8.  What  is  the  pupil  P     By  what  means  does  it  grow  larger, 

iknd  by  what  means  does  it  grow  smaller  P  Why  does  it 
generally  become  small  in  the  light,  and  large  in  the  dark  P 

(10.) 

9.  What  is  meant  by  proteid  food  P     Give  examples.     Why 

cannot  we  live  without  proteid  food  P  Why  is  it  desirable 
to  have  other  food  besides  proteids  ?  (10.) 

10.  What  is  the  form,  general  structure  and  position  of  the 

spleen  P  Where  does  the  blood  coming  from  the  spleen 
go  top  (10.) 

11.  Describe  the  structure  of  a  muscle  as  far  as  can  be  made 

out  without  a  microscope.  What  is  meant  by  the  con-, 
traction  of  a  muscle  P  What  change  of  form  takes  place 
in  a  muscle  when  it  contracts  P  (10.) 

12.  What  are  the  lactealsP     How  does  the  chyle  which  they 

contain  after  a  meal  get  into  the  blood  P  (10.) 


Second  Stage  or  Advanced  Examination. 

Instructions. 

Read  the  General  Instructions  at  the  head  of  the  Elementary 
paper. 

You  are  permitted  to  attempt  only^ue  questions. 

21.  Describe  the  general  form,  relations  and  structure  of  the 
small  intestine,  dwelling  chiefly  on  the  minute  struc- 
ture of  the  mucous  membrane.  State  briefly  the  changes 
which  an  ordinary  meal  undergoes  in  passing  from  the 
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pjloras  to  the  ileo-csecal  ralye,  and  explain  how  these 
changes  are  brought  about.  (26.) 

22.  Describe  the  right  ventricle  of  the  heart,  including  an 

account  of  the  auriculo- ventricular  valves,  and  of  the 
nature  of  the  ventricular  walls.  Qive  an  account  of  the 
series  of  changes  which  take  place  in  the  ventricular 
walls  and  ventricular  ca^^tj  during  a  beat,  explaining 
the  manner  in  which  the  ventricle  is  emptied  and  filled, 
and  the  causes  which  lead  to  its  being  emptied  and  filled. 

(26.) 

23.  Describe  the  structure  of  the  kidnej.    State  the  changes  or 

events  in  the  body  which  cause  an  increase,  and  those 
which  cause  a  decrease  in  the  flow  of  urine,  and  explain 
how  they  act.  (16.) 

24.  Describe  briefly  the  structure  of   a  pulmonary  alveolus. 

State  the  changes  which,  in  life,  are  taking  place  in  the 
air  of  the  alveolus,  and  in  the  blood  which  is  ciicnlaiing 
in  the  blood-vessels  of  the  alveolus ;  and  explain  how 
these  changes  are  brought  about.  (16.) 

25.  Describe  the  structure  of  a  nerve,  such   as  the   sciatic, 

stating  first  what  can  be  made  out  without  the  use  of 
a  microscope,  and  secondly,  what  can  be  learnt  by  using 
the  microscope.  Wliat  do  you  understand  to  be  the 
nature  of  a  "  nervous  impulse  "  ?  (16.) 

26.  What  regions  of  the  body  are  supplied  with  ciliated  epi- 

thelium? Describe  the  structure  of  ciliated  epithe- 
lium, and  give  an  account  of  cili'iry  action.  (16.) 

27.  Give  an  account  of  the  structure  of  the  olfactoTj  organ.  Dis- 

tinguish  between  smell,  properly  so  called,  and  the  effect 
of  pungent  vapours  such  f\s  that  of  ammonia.  Explain 
how  smell  enters  into  many  sensations  often  spoken  of  as 
"  tastes." 

28.  Describe  the   general   arrangement  and  structure  of  the 

lymphatic  vessels  of  a  limb.  What  is  the  nature  of 
lymph,  how  does  it  differ  from  blood,  and  what  are  its 
uses  P  What  are  the  chief  causes  which  drive  the  lymph 
along  the  lymphatic  vessels  ?  (16.) 


Honoars  ExaminaUoD. 

Instructions. 

Read  the  General  Instructions  at  the  head  of  the  Elementary 
paper. 

Yon  are  permitted  to  atleTitpt  only  four  questions. 
The  value  attached  to  each  question  is  the  same. 
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41.  Give  an  account  of  tlio  inliibitory  and  augmentor  nerves  of 

the  heart,  and  discuss  generally  the  nature  of  the  changes 
in  a  tissue  by  which  inhibitory  and  augmenting  effects 
are  respectively  brought  about. 

42.  Give  an  account  of  lymph,  discussing  the  nature  of  the  pro- 

cess of  transudation,  the  purpose  served  by  lymph,  and 
the  causes  which  maintain  the  flow  of  lymph,  introduc- 
ing such  pathological  details  as  may  be  necessary. 

4.3.  Describe  the  differences  of  structure  presented  by  the 
spinal  cord  in  different  regions,  both  as  regards  the 
distribution  of  nerve  cells  and  grey  matter,  and  as  regards 
the  **  tracts  "  of  white  matter.  Discuss  the  functional 
meaning  of  these  differences. 

44.  Give  an  account  of  the  coagulation  of  the  blood,   with 

reference  to  the  exact  nature  of  the  process,  and  to  the 
question  why  blood  clots  when  shed. 

45.  State  the  limitations  to  which  the  movements  of  the  eye- 

balls are  subject,  and  explain  how  those  limitations  are 
connected  with  binocular  vision. 

46.  Giye  an  Account  of  the  chief  facts  of  the  physiology  of  the 
*      (mammalian)  embryo  daring  the  later  stages  of  intra- 
uterine life.      Explain  in  detail  the  chief  physiological 
changes  taking  place  in  the  embryo  at  birth. 


Honours  Practical  Examination. 

1.  Make  preparations  fi*om  the  Frog  to  show  the  stracture  of 

(a)  MedulhUed  NeiTc,  and 
(h)  Spinal  Gariglion, 
Label  your  preparations  A^  and  state  the  methods  used. 

2.  Stain  and  mount  in  Canada  Balsam  sections  of  either  B  .  1 

or  B .  2.     Give  your  manipulations. 

3.  Draw  carefully  under  low  and  high  power  fwo  of  the  pre- 

parations labelled  Cj,  Cg,  Co. 
Mark  on  your  drawings  the  different  structures  shown. 

4.  What  important  physiological  substances  are  present  in  the 

fluid  D  ?     Demonstrate  your  tests  to  the  examiner. 

5.  Demonstrate  the  action  of  the  vagus  nerve  on  the  Heart  of 

a  Frog. 
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SUBJECT  XV.   BOTANY. 

ExAHiHiBB,  PBOFESSOB  S.  K.  VINES,  M.A.,  D«Se.  F.R.S., 
AHD  D.  H.  SCOTT,  Esq.,  M.A.,  Pb.D. 

Obkbral  LiSTBITCnOVS. 

If  tbe  rules  are  not  attended  to,  the  paper  will  be  cancelled. 

Yoa  may  take  the  Elementaiy,  or  the  Advanced,  or  the 
Hononrs  paper,  in  accordance  with  the  application  which  has 
been  made,  bat  yoa  musk  confine  jonrself  to  one  of  them. 

Pat  the  nnmber  of  the  question  before  your  answer. 

Yon  are  to  confine  yonr  answers  strietly  to  the  qnesHons 
proposed. 

The  value  attached  to  each  question  in  the  Elementary  and 
Advanced  stipes  is  shown  in  brackets  after  tho  question.  But 
a  full  and  correct  answer  to  an  easy  question  will  in  all  cases 
secure  a  larger  number  of  marks  than  an  incomplete  or  inexact 
answer  to  a  more  difficult  one. 

Your  name  is  not  given  to  the  Examiners,  and  you  are  for- 
bidden  to  write  to  them  about  your  answers. 

The  examinatum  in  this  subject  laatsfor  three  hours. 


First  Stage  or  Elementary  Examination. 

Instbtjctions. 
You  are  permitted  to  attempt  only  six  questions. 

You  must  attempt  the  first  question  on  the  paper.    The 
remaining  five  you  may  select  fi*om  any  part  of  the  paper. 


1.  Refer  the  plant  placed  before  yoa  to  its  natural  order, 
giving  your  reasons  for  doing  so,  and  describe  it  fully, 
taking  its  organs  (when  present)  in  the  following  order : — 


Stem, 

Flower, 

Pistil, 

Leaves, 

Calyx, 

Fruit, 

Inflorescence, 

Corolla, 

Seed. 

Bracts, 

Stamens, 

(25.) 
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2.  What  parfc  o£  its  food  does  a  green  plant  obtain  from  the 

air?     In  what  form,  and  under  what  conditions,  is  it 
taken  in  ?  (15.) 

3.  What  are  stipnles  ?     Describe  the  stipules  of  the  Rose  and 

of  the  Sweet  Pea.  (16.) 

4.  Explain  why  it  is  that  plants  droop  on  a  hot  day,  and 

recover  their  freshness  in  the  erening.  (l5.) 

5.  Explain  the  way  in  which  insects  are  of  use  to  flowers,  and 

the  means  by  which  flowers  attract  ihem.  (16.) 

C.  Describe  the  way  in  wbicb  tbe  stem  of  a  dicotyledonous 
tree  grows  in  thickness,  and  explain  how  it  is  that  its 
wood  shows  anuDal  rings.  (16.) 

7.  From  what  parts  of  the  flower  may  the  fruit  be  developed  ? 

Describe  an  achene,  a  follicle,  and  a  nut,  giving  examples. 

(15.) 

8.  Explain  why  it  is  that,  when  a  seed  germinates,  the  stem 

grows  upwards  and  the  root  downwards.  (16.) 

9.  What  is  meant  by  a  **  vessel "  ?     What  are  the  differences 

between  the  vessels  of  the  wood  and  those  of  the  bast  ? 

(15.) 

10.  What  is   a   "growing-point"?      What    is  tbe   difference 

between  the  growing-points  of  stems  and  those  of  roots  ? 

(15.) 

11.  Give  examples  of  different  kinds  of  climbing  plants,  briefly 

describing  the  mode  of  climbing  in  each  case. 

(15.) 


Second  Stage  or  Advanced  Examination. 

Instructions. 

Bead  the  General  Instructions  at  the  head  of  the  Elementary 
paper. 

You  are  permitted  to  attempt  only  stx  questions. 

You  must  attempt  the^r^^  question  on  the  paper,  the  remain- 
ing ^ve  you  may  select  from  any  part  of  the  paper. 

21.  Refer   the  plant  placed  before   you  to  its  natural  order, 
giving  your  reasons  for  doing  so,  and  describe  it  fally, 
taking  its  organs  (when  present)  in  the  following  order : — 
Stem,  Flowers,  Pistil, 

Leaves,  Calyx,  Fruit, 

Inflorescence,        Corolla,  Seed. 

BractSi  Stamens,  (2^) 
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22.  Give  an  accoant  of  the  stractaro  and  development  of  tbe 

sexnal  generation  (oophjte)  of  a  Fern.  Describe  in 
detail  the  8tractnj*e  of  the  sexual  organs,  and  the  process 
of  fertilisation.  (1-5.) 

23.  A  plant,  the  leaves  of  which  contain  starch,  is  placed  for 

some  time  in  darkness.  State  and  explain  what  effect 
this  will  have  on  the  presence  of  starch  in  the  leaves. 

(15.) 

2^*.  Describe  fully  the  structare  of  the  flower  of  any  British 
Orchid,  and  the  way  in  which  pollination  takes  place  in  it. 

(15.) 

25.  GKve  an  account  of  the  structure  and  arrangement  of  the 

medullary  rays  in  the  stem  of  a  Dicotyledon.  What 
is  the  difference  between  primary  and  secondaiy  medullary 
rays  ?    What  are  the  uses  of  the  medullary  rays  ? 

(15.) 

26.  What  is  meant  by  "  phyllotaxis  "?    Describe  the  phyllotaxis 

in  the  Dead-nettle  (LamiKm),  the  Bedstraw  {Oaliuin)^ 
and  the  Elm  (  Ulmus) .  (15.) 

27.  Describe  the  form  in  whicli  nitrogenous  reserve- substances 

are  stoi^ed  up  in  seeds.  What  is  the  general  chemical 
natnre  of  these  substances  P  (15.) 

28.  Descinbe  the  structure,  development,  and  function  of  lenti- 

cels.     *  (15.) 

29.  Explain  the  morphology  of  the  epicalyx  (caliculus),  and 

mention  British  plants  in  which  it  is  present.         (15.) 

80.  Describe  the  structure  of  a  staminal  cone  of  the  Scotch  Fir 
(Pinus  sijlvestria).  Compare  its  structure  with  that  of  a 
typical  angiospcrmous  flower.  (1^0 


Honours  Ezaxnination, 

Insteuctions. 


Read  the  General  Instructions  at  the  head  of  the  Elementary 
paper. 

You  are  permitted  to  attempt  only^t;e  questions. 

You  must  attempt  the  first  question  on  the  paper,  the  remain- 
ing four  you  may  select  from  any  part  of  the  paper. 

The  value  attached  to  each  question  is  the  same. 

41.  Refer  the  plant  placed  before  you   to  its  natural  order, 
giving  yonr  reasons  for  doing  so,  and  describe  it  fully, 
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taking    its    oi*gaiis  (when    present)  in    the  following 

order : — 

Stem,  Flower,  Pistil, 

Leaycs,  Calyx,  Fruit, 

Inflorescence,         Corolla,  Seed. 
Bracts,                    Stamens, 

42.  Desciibe  the  minute  structure  of  floral  nectaries,  and  specify 

the  varions  positions  which  they  may  occupy  in  the 
flower.  In  what  respect  does  the  mechanism  of  secre* 
tion  in  nectaries  differ  from  that  in  chalk-glands  ? 

43.  Give  a  general  account  of  the  nyctitropic  and  parahelio- 

tropic  moTements  of  leaves,  and  explain  what  is  the 
importance  of  these  movements  to  the  plant. 

44.  Give  an  account  of  the  phenomena  of  polyemhryony  as  they 

have  heen  observed  in  the  Gymnosperms. 

45.  Mention  and  desci'ibe  cases  of  the  occurrence  of  a  many- 

layered  epidermis  in  leaves  and  roots,  stating  in  each 
case  what  purpose  is  served  by  this  peculiar  develop- 
ment. 

40.  Discuss  the  phylogenetic  i*elation  of  the  Muscine»  to  the 
Green  Algse  (Chlorophycese). 

47.  Give  an  account  of  the  chief  anatomical  peculiarities  which 

have  been  observed  in  the  stems  of  climbing  plants. 

48.  State  what  are  the  isothermal  lines  bounding  (1)  the  warmer 

temperate  zone ;  (2)  the  cooler  temperate  ssone ;  and 
(3)  the  subarctic  zone.  Mention  the  kinds  of  trees  which 
are  characteristic  of  these  zones  respectively. 


Hononra  Practical  EzaminatioxL 

(Botany  and  Vegetable  Morphohgtf  and  Physiolojy). 
MoRNixa,  10 — 1. 

1.  !Make  preparations    to    show  at  least  two  stages   in   the 

development  of  the  ovule  and  embryo-sac^  in  the  flower 
provided. 
Describe  and  draw  yonr  preparation,  and  refer  the  specimen 
to  its  natural  order. 

2.  Make  a  preparation  to  demonstrate  the  presence  of  starch  in 

the  chlorophyll-granules  in  the  leaf  provided.     State  the 
methods  employed. 
Not  more  than  6  preparations  in  all  may  be  shown. 

They  must  be  labelled  with  the  name  of  the  candidate,  and  bo 
numbei'ed  for  reference* 
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ArrfBNOON,  2 — 4. 

1.  Idontif  J-  and  descdba  the  four  maseam  specimdns  labelled 

AtoD. 

2.  Identify  and  «%9r%  describe  the  foar  microscopical  prepara- 

tions labelled  1-4. 

The  slides  must  not  bd  shifted. 

Ten  minutes  are  albwed  for  each  candidate  to  examine  each 
slide. 


SUBJECTS  XVI.  and  ZVIL    GENERAL  BIOLOGY. 

£xAMiN££,  PBrOFESSOR  MILNES  MARSHALL,  M.D., 

F.B,S. 


Oemkral  Instructions. 
If  the  roles  are  not  attended  to,  the  paywr  will  be  canodled. 

You  are  permitted  to  answer  questions  from  the  Elementaiy 
paper; 

Or  from  the  Adranced  paper  in  Animal  Morphology  and 
Physiology ; 

Or  from  the  Advanced  paper  in  Vegetable  Morphology  and 
Physiology ; 

Or  from  the  Honours  paper  in  Animal  Morphology  and 
Physiology  ; 

Or  from  the  Honours  paper  in  Vegetable  Morphology  and 
Physiology; 

But  you  must  confine  yourself  to  one  of  them. 

Where  the  values  differ,  that  attached  to  each  question  is 
shown  in  brackets  after  the  question.  But  a  full  and  correct 
answer  to  an  easy  question  will,  in  all  cases,  secure  a  laiger 
number  of  marks  than  an  incomplete  or  inexact  answer  to  a 
more  difficult  one. 

Put  the  number  of  the  question  before  your  answer. 

You  are  to  confine  your  answers  stricUy  to  the  questionfl 
proposed. 

Your  name  is  not  given  to  the  Examiner,  and  you  are  for^ 
bidden  to  write  to  him  about  your  answers. 

The  examination  in  these  euhjects  lade  for  three  hours. 
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First  Stogd  or  Slomentary  Ezamiaati<m. 

Yon  are  permitted  to  attempt  only  eight  questions. 
lUnstrate  your  answers  by  diagrammatic  figares. 

1.  State  the  principal  points,  boik  in  stmctare  and  life-history, 
in  which  Amoeba  differs — (a)  from  plants,  (h)  from  the 
higher  animals  ?  (16) 

2.  What  are  the  chief  pnrposes  of  the  blood  system  ?  Explain 
where  and  how  these  purposes  are  effected,  in  a  crayfish  and 
in  a  frog  respectively.  (16.) 

3.  Enumerate  the  principal  forms  of  cell-tissues  met  with  in 

the  fern ;  and  state  the  leading  characters  and  properties 
of  each.  (16.) 

4.  What  are  cilia  ?     Where  do  cilia  occur,  if  at  all,  in  the 

following  animals : — Frog,  mussel,  crayfish,  Hydra  (fresh 
water  polype),  and  Vorticella  (bell  animalcule)?  State 
their  use  in  each  case.  (16.) 

5.  Describe  the  process  of  reproduction,  both  sexual  and  non- 
sexual, in  Chara.  (9.) 

6.  Compare  the  modes  in  which  food  is  captured  and  digestion 
effected  in  a  Hydra  (fresh-water  polype),  a  crayfish,  and  a 
frog,  respectively.  (9.) 

7.  Where  and  in  what  form  does  chlorophyll  occur  in  plants, 
and  of  what  use  is  it  ?  What  plants  have  no  chlorophyll, 
and  how  are  they  able  to  do  without  it  ?  Is  chlorophyll 
evei'  found  in  animals  ?  (9.) 

8.  Give  an  account  of  the  principal  changes  that  occur  during 
the  metamorphosis  of  the  tadpole  to  the  frog.  (9.) 

9.  What  is  a  flower  ?  Of  what  parts  does  it  consist,  and 
-what  are  the  structure  and  uses  of  the  several  parts.  (9.) 

10.  Describe  the  structure  of  cai-tilage,  and  of  bone.      In  what 

parts  of  a  frog  does  cartilage  occur  P  How  does  bone 
grow  ?  (9.) 

11.  Desciibo  briefly  the  processes  that  go  on  in  the  stem,  in  the 
leaves,  and  in  the  root  of  a  floweiing  plant  under  natural 
conditions.  How  are  these  processes  affected  if  the  plant 
be  grown  and  kept  in  the  dark  ?  (9.) 

12.  The  body  of  a  crayfish  is  divisible  into  segments.     What 

systems  show  this  segmental  arrangement?  In  what 
other  animals  that  you  know  of  does  a  segmental  arrange- 
ment of  organs  occur  ?  (9.) 
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SUBJECT   XVL     ANIMAL  H0BPH0L06T  AMD 
PHYSIOLOGY. 


Second  Stage  or  Advanced  Examination. 

Instructions. 

Read  the  General  Instrnciions  at  the  head  of  the  ElemenUrj 
paper. 

Yoa  are  permitted  to  attempt  on\  j  five  questions. 
The  value  attached  to  eachi  question  is  the  same. 
Illustrate  your  answers  by  diagrammatic  figures. 

21.  What  are  the  essential  components  of  the  vertebra^'C  skull  ? 

Compare  with  one  another,  with  special  reference  to  the 
condition  of  the  hjoid  and  mandibular  arches,  the  skulls 
of  a  Cod,  a  Frog,  a  Pigeon,  and  a  Sheep. 

22.  Staio  the  leading  points  in  which  the  Monotremata  and 
Marsapialia  differ  from  each  other  and  from  other 
mammals. 

23.  Desci-ibe  the  formation  of  the  germinal  layers,  and  the  devel- 
opment of  the  alimentary  canal  and  the  heart  in  a  chick 
embryo.  Compare  the  mode  of  nutrition  of  the  chick 
embryo  with  that  of  the  mammalian  embryo. 

24.  Marsupials  are  confined  at  the  present  day  to  the  Australian 

and  Neotropical  regions.  What  evidence  have  we  as  to 
the  way  in  which  this  distribution  came  about?  Give 
other  instances  of  discontinuous  distribution,  and  explain 
them  as  far  as  you  are  able  ? 

25.  Describe  the  aiTangement  and  structure  of  the  excretory 

(renal)  organs  in  a  leech,  a  liver  fluke,  and  an  earthworm. 
Which  of  these  do  you  consider  to  be  the  most  primitive ; 
and  why  ? 

26.  Give  a  general  account  of  the  sti'ucture  of  a  Cuttlefi.lh  or  of 
an  Octopus.  How  do  its  circulatory,  respiratory,  i*eiial, 
and  nervous  systems  differ  from  those  of  a  Snail  ? 

27.  Describe  the  structure  and  mode  of  formation  of  a  jelly- 
fish ;  and  compare  it  with  a  Hydra  and  with  a  Sea-anemone. 
Give  examples  of  hydroid  colonies,  and  explain  how  they 
are  formed. 

28.  Tabulate  the  several  modes  of  reproduction  met  with  anicng 
the  Protozoa ;  and  state  which  of  these  occur  among  the 
higher  animals. 
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Honours  Examination. 

Instructions. 
Bead  the  General  Instructions  at  the  head  of  the  Elementary 
paper. 

Yon  are  permitted  to  attempt  only  four  questions. 
The  value  attached  to  each  question  is  the  same. 
Illustrate  your  answers  by  diagrammatic  figures. 

41.  What  grounds  are  there  for  believing  the  pulmonate' 
vertebrates  to  be  descended  from  branchiate  vertebrates ; 
and  what  evidence  have  we  as  to  the  actual  line  of 
descent  ?  Give  examples  of  invertebrate  groups  in  which 
air-breathing  forms  are  derived  from  water-breathing  ones. 

42.  Give  an  account  of  the  various  modes  in  which  the  nutri- 
tion of  the  embryo  is  efEected  in  animals.  Explain  fully 
the  influence  of  food-yolk  on  the  development  of  the 
embryo. 

43.  Discuss  fally  the  relations  of  the  Crinoidea  to  the  other 
recent  •Echinodermata. 

44.  Give  an  account  of  the  anatomy  and  development  of  eifher 
PeripatuH  or  Balanoglossus;  and  discuss  fully  the  zoological 
position  and  affinities  of  the  form  you  select. 

45.  What  are  the  chief  modifications  presented  by  the  skeletal 

structures  of  Coelenterata  P 

46.  Describe  the  leading  forms  of  eye  met  with  among 
Arthropoda.  What  evidence  have  we  as  to  the  mode  of 
origin  of  compound  eyes  ? 


Honours  Prckctical  Examination. 

10  A.M. 1  P.M. 

Dissect  A  so  as  to  show  the  nervous  and  reproductive  sys- 
tems as  fully  as  you  can.  Name  the  several  parts'  of 
.  their  systems  by  small  paper  labels. 

Put  up  microscopical  preparations,  illustrating  the  anatomy 
and  the  modes  of  reproduction  of  B.  Draw  your  pre- 
parations, and  describe  them  briefly. 

Identify,  draw,  and  describe  briefly  the  specimens  C,  D,  E, 
P,  G,  H. 

A.  Aplysia. 

B.  Pyrosoma. 

C.  Section  of  calcareous  sponge. 

D.  Section  Pontobdello. 

E.  Sections  of  Balanoglossus. 

P.     Section  of  young  Sepia,  showing  eye. 
G.     Section  of  a  Hemertine. 
H.     Leptodora  Hyalina. 

(8367)  H 
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2  to  5  P.M. 

1.  Refer  to  their  proper  zoological  positioDS  the  animals  K,  L, 

M,  N.  Make  dissections  or  other  preparations  illastrat- 
ing  the  points  on  which  yon  rely  in  your  determinations. 
Describe  yonr  preparations  briefly. 

2.  Describe  briefly  the  characteristic  features  of  the  skulls  0, 

P,  Q ;  including  the  dentition. 

3.  Identify  and  draw  the  specimeng  R,  8,  T,  U.      Name  on 

your  drawings  the  several  parts  shown. 

K.  Petromyzon.  Q.  Erinacens. 

L.  Arenicola.  B.  Chick  embryo:  section. 

M.  Musca.  8.  Amphiozus. 

N.  ApuB.  T.   Chick  embryo :  sectknu 

O.   Hypsiprymnus.  \J,  Peripatus. 

P.   Pteropus. 


8T7BJECT  XVn.    VEGETABLE  MOBF^OtOGY 
AHD  PHTSIOLOGT. 

BxuciiriiiSi  PBOFESSOE  VINES,  M.A.,  D.Sc,  P.R.S.,  ahd 
D.  H.  SCOTT,  Esq.,  M.A,,  Ph.D. 


Second  Stage  or  Advanced  Azamination. 

Instructions. 

Bead  the  General  Instrnotiona  at  the  head  of  the  Elementary 
paper. 

You  are  permitted  to  attempt  only^re  questions. 
The  value  attached  to  each  question  is  the  same. 

51.  Describe  the  structure  and  development  of  the  dporangia 

and  spores  in  any  Fern. 

52.  Describe  the  structure  and  mode  of  development  of  root- 

hairs,  explaining  the  nature  of  their  functions. 

53.  State  what  are  the  characteristic  features  of  Gymnosperms 

which  may  be  observed  in  the  carpellary  flower  (female 
cone),  and  in  the  ovule,  of  Pinus, 

54.  Describe  and  compare  the  general  structure  of  the  gynscenm 

(pistil)  in  the  flowers  of  BanunctUw,  Bo$aj  and  Anthrit- 
eus. 

55.  Describe  the  histology,  and  the  modes  of  decretion,  of  the 

^  various  internal  secretory  sCfnctures  of  plants. 
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66.  Give  an  account  of  the  genernl  siractnre,  of  the  modes  of 

reproduction,  and  of  the  habit  of  life  of  Peranotpara, 

67.  Mention  cased  illnstraiive  of  the  various  ways  in  which 

plants   absorb  orpranio   compoands   as  food,  explaining 
full  J  how  the  food  is  obtained  in  each  case. 

68.  Give  a  comparative  account  of  the  life-histories  of  Volvox 

and  of  Frotococcus, 


Honoofs  Sxaminatlon. 
Instructions. 

Read  the  General  Instruoiions  at  the  head  of  the  Elementarj 
paper. 

You  are  permitted  to  attempt  only/cmr  questions. 

The  value  attached  to  each  question  is  the  same. 

61.  Describe  the  various  modes  of  the  sexual  process  in  the 

brown  AlgsB  (Phseophjceflg),  and  trace  the  gradual  mor- 
phological differentiation  of  the  sexual  organs  and  of  the 
sexual  cells  (gametes)  in  the  variotts  niniilies  of  this 
group. 

62.  Describe  the  typical  mode  of  development  of  the  embryo  in 

Monocotyledons,  and  discuss  ihe  valii^  of  6itibryo1ogical 
chai-acters  as  distiDguishing  Monocotyledons  from  Di- 
cotyledons. 

63.  Discuss  the  question  of  the  mode  in  which  green  plants 

obtain  their  nitrogenous  food,  and  of  the  sources  from 
which  it  is  derived. 

64.  Give  an  account  of  the  comparative  morph61ogy  of  the 

.  oophyte  (sexu£il  generation)  in  the  Musoineo,  the  Yas* 
cular  Cryptogams,  and  the  Gymnosperms. 

65.  State  what  is  known  as  to  the  structure  and  functions  of 

the  nucleus  (no  minute  description  of  nucUar  diwtion  is 
required).  In  what  cases  have  multinucleate  cells  been 
observed  in  plants  ? 

66.  Describe  the  development  of  the  arobicarp  (ascogonium)  and 

of  the  perithecium  in  Burotium.  Discuss  the  question  of 
the  homology  of  these  structures  with  the  pfocarptum 
and  the  cystocarp  of  the  Florideae. 

(N.B. — The  questions  set  at  the  Honours  Practical  Examina- 
tion will  be  found  at  pp.  109-110.) 

(3867)  p  2 
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SUBJECT  ZVm.    PBINCIPLES   OF  MINING. 

Examiner,  H.  BAUERMAN,  Esq.,  F.G.S. 


GbnbrAl  Instbuctions. 
If  the  roles  are  not  attended  to,  the  paper  will  be  cancelled. 

You  maj  take  the  Elementary,   or  the  Advanced,  or  the 
Honoars  paper,  but  you  must  confine  yourself  to  one  of  them. 

Pat  the  number  of  the  question  before  your  answer. 

You  are  to  confine  your  answers  strictly  to  the  questions 
proposed. 

Your  name  is  not  given  to  the  Examiner,  and  you  are  forbidden 
to  write  to  him  about  your  answers. 

The  examination  in  this  subject  lasts  for  three  hours. 


First  Stage  or  Elementary  Examination. 

Instructions. 
You  are  only  permitted  to  attempt  seven  questions. 
You  may  select  these  from  any  part  of  the  paper. 
The  value  attached  to  each  question  is  the  same.  ' 


1.  What  are  minerals,  as  the  term  is  understood  by  minera? 

2.  Describe  the  general  structure  of  a  coal-field. 

3.  With  what  rocks  and  minerals  is  coal  usually  associated  ? 

4.  Give  the-  shape  and  dimensions  of  a  borer  or  drill  suitable 

for  boring  in  hard  rock,  and  describe  the  method  of 
sharpening  and  tempering  the  bit. 

5.  Describe  and  illustrate  the  use  of  timber  in  securing  a  round 

or  rectangular  mine  shaft. 

6.  How  is  ventilation  effected  in  a  mine  on  a  lode  ? 

7.  What  gases  are  usually  found  in  the  air  of  a  coal-mine  ? 

8.  What  is  a  safety  load  for  a  steel  pit  rope,  and  how  should 

such  a  rope  be  protected  in  use  ? 

9.  Give  a  description  and  figure  of  the  bottom  lift  of  a  deep 

mine  pump. 
10.  Describe  the  Bamsley  method  of  working  coal. 
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11.  How  is  tin  ore  found  and  prepared  for  the  smelter? 

12.  What  methods  are  used  in  cleaning  small  coal  from  sbale 

and  brasses  ? 


Second  Stage  or  Advanced  Examination. 

Insteuctions. 

Bead  the  General  Instructions  at  the  head  of  the  Elementary 
paper. 

You  are  only  permitted  to  attempt  seven  questions. 

You  may  select  these  from  any  part  of  the  paper. 

The  value  attached  to  each  question  is  the  same. 


21.  Describe  the  physical  characters  and  composition  of  steam 

coal,  coking  coal,  cannel,  and  oil-shale. 

22.  What  are  the  chief  kinds  of  deposits  of  lead  ore  in  the 

United  Kingdom?     Give  examples  from  the  principal 
localities. 

23.  How  would  you  put  down  a  deep  boring  for  coal  or  salt  ? 

24.  What  are  the  principal  nitro  compounds  useful  as  mining 

explosives  ? 

25.  Describe  with  figures  two  kinds  of  safety  oatches  for  deep 

mines. 

26.  What  methods  are  used  for  equalizing  the  load  on  winding 

engines  ? 

27.  Describe  Poetsch's  method  of  shaft  sinking. 

28.  Give  an  accoxmt  of  a  method  of  working  a  thick  coal  with 

a  bad  roof. 

29.  Describe  two  of  the  best  forms  of  safety  lamps. 

30.  Describe  the  more  important  localities  producing  manganese 

ore. 

31.  Give  an  account  of  an  underground  pumping  engine. 

32.  Describe  the  Brunton  frame  and  Frue  vanner. 


Honours  Examination. 

Instructions. 

Bead  the  General  Instructions  at  the  head  of  the  Elementary 
paper. 

You  are  only  permitted  to  attempt  six  questions. 

You  may  select  these  from  any  part  of  the  paper. 

The  value  attached  to  each  question  is  the  name. 


Digitized  by  VjOOQIC 


118  XVUL— PBINOIPLBS    OF    lilNINO. 

41.  Describe  the  South  Wales  ooal*field,  and  notice  the  other 

baainB  on  the  same  axis. 

42.  Describe  the  more  important  centres  of  production  in  the 

iron  ore  districts  of  the  Secondary  formations  in  England 
and  on  the  continent  of  Europe. 

43.  How  are  wrought  iron  and  steel  used  instead  of  timber  in 

shafts  and  levels  P      Give  some  examples  and  illustra- 
tions. 

44.  Describe  a  method  of  working  a  thick  and  highlj  inclined 

coal  seam  in  which  the  excavated  ground  is  filled  with 
waste  from  the  surface. 

45.  Give  an  account  with  details  of  construction  of  a  modem 

pit*frame  in  iron  or  steel. 

46.  Compare  Ouibal's  and  Waddle's  ventilating  tans. 

47.  What  methods  have  been  proposed  to  prevent  flame  in  the 

use  of  explosives  in  collieries  ? 

48.  How  have  magnets  been  applied  in  the  separation  of  sine 

blende  from  spathic  iron  ore  ? 


SUBJECT  ZDL     METALLXTRGT. 

ExAMiNKB,  PBOFESSOR  W.   CHANDLER  EOBBRTS- 
ADSTBN,  F.B.S. 


Gbnbeal  Instructions. 
If  the  rales  axe  not  attended  tO|  the  p^per  will  be  cancelted. 

You  may  take  the  Elementanr,  or  the  Advanced,  or  the 
Honours  paper,  but  you  must  confine  yourself  to  one  of  them. 

Put  the  number  of  the  question  and  of  the  section  before  your 
answer. 

You  are  to  confine  your  answers  iiricfly  to  the  questions 
proposed  ;  answers  extending  beyond  the  scope  of  the  questions 
are  disregarded  by  the  Examiner. 

Your  name  is  not  given  to  the  Examiner,  and  you  are 
forbidden  to  write  to  him  about  your  answers. 

The  examination  in  this  subject  lasts  for  three  hours. 
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Pint  Stage  or  Blementary  Bzamination. 

IlfSTBUCTIONS. 

Yon  are  not  to  attempt  more  than  six  qnestions  in  this  paper. 

The  value  attached  to  each  question  is  the  same. 

For  a  pass  in  the  Elementary  stage  the  student  will  onlj  be 
expected  to  answer  questions  in  two  of  the  following  four 
sections.  At  least  two  questions  must,  howeyer,  be  taken  from 
Section  I. 

For  a  First  Class  in  the  Elementary  stage  the  candidate  must 
answer  questions  in  at  least  three  sections.  At  least  two 
questions  must  be  taken  from  Section  I. 

Section  I. 

J .  What  is  a  "  regulus,"  a  "  slag,"  a  "  speise,"  and  a  "  flux  '*  ? 
Give  an  example  of  each. 

2.  Describe  fully  the  difference  between  a  reverberatory 
furnace  and  a  blast  furnace,  and  give  an  example  of  the 
kind  of  operation  you  would  conduct  in  each. 

3.  What  is  meant  by  the  statemant  that  the  calorific  power  of 

charcoal  is  8,080  units,  and  that  of  carbonic  oxide  2,403 
units  P 

4.  What  is  the  difference  in  composition  between  bituminous 

coal  and  anthracite  ? 

Section  II. 

5.  You  are  given  two  samples  of  ore  which  closely  resemble 
each  other;  one  is  hsematite  (PegOg),  and  the  other  is 
cinnabar  (HgS).  How  would  you  ascertain  which  is  the 
iron  ore  ? 

6.  Why  does  cast,  or  "  pig,"  iron  melt  readily,  while  wrought 

iron  is  so  infusible  ? 

7.  Describe  fully  the  conversion  of   pig  iron  into  malleable 

iron  by  the  puddling  process. 

8.  What  is  "  crucible  cast-steel  "  ?     How  is  it  manufactured  ? 

Section  III. 

9.  How  would  you  separate  silver  from  the  amalgam  of  silver 

and  mercury  ? 

10.  You  are  given  an  alloy  containing  3  parts  of  silver  and  1 
part  of  gold.  How  would  you  "  part  '*  or  separate  the 
metals  ? 
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11.  Describe  geuerally  the  method  of  treating  gold  qoartz  with 
a  view  to  separate  the  gold. 

1*2.  How,  on  a  large  sc  :^e,  may  gold  be  extracted  from  the 
solution  of  its  chloride  ? 

Sectiox  TV. 

13.  State  what  method  you  would  employ  in  order  to  produce 
(a)  "  grain  tin/'  and  (6)  either  granulated  lead  or  granu- 
lated copper. 

H.  How  would  yon  extract  metallic  lead  from  a  sample  of 
"red  lead"? 

15.  What  are  the  reactions  which  take  place  when  partially 
roasted  copper  ores  are  smelted  for  '*  coarse  metal  **  P 

16.  How  would  yon  extract  zinc  from  its  sulphide  ? 


Second  Stage  or  Advanced  Examination. 

Instbuotions. 

Bead  the  Qeneral  Instructions  at  the  head  of  the  Elementaiy 
pajwr. 

You  are  not  to  attempt  more  than  six  questions  in  this  paper. 

The  value  attached  to  each  question  is  the  same,  except  No.  24, 
of  which  the  value  is  twice  the  value  of  each  of  the  other 
questions. 

For  a  pass  in  this  stage  the  student  will  only  be  expected  to 
answer  que.stions  in  tfco  of  the  following  four  sections ;  at  least 
huo  questions  must,  however,  be  taken  from  Section  I. 

For  a  First  Glass  in  this  stage  the  candidate  must  answer 
questions  in  at  least  three  sections ;  at  least  two  questions  miiijt 
be  taken  from  Section  I. 


Section  I. 

21.  How  would  you  employ  (a)  peat,  and  (b)  small  coal  io  the 

greatest  advantage,  as  a  source  of  heat  ? 

22.  Show,  by  the  aid  of  a  sketch,  any  form  of  coke  oven  in 
which  coking  is  effected  under  pressure. 

23.  What  is  the  principle  upon  which  the  Siemen's  regenerative 

furnace  depends  ?     Illustrate  your  answer  by  a  sketch  ? 

24.  Name  tbe  six  specimens  submitted  to  you. 
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Section  II. 


25.  How  do  you  account  for  the  fact  tliafc  steel  can  be  hardened 
hj  rapid  cooling  from  a  high  tempei-atnre,  while  pure,  or 
wrought,  iron  cannot  ? 

26.  What  are  the  physical  and  mechanical  properties  of  an 
alloy  which  contains  7  per  cent,  of  manganese  and  0  5 
per  cent,  of  carbon  ? 

27.  By  what  reactions  does  the  phosphorus  in  the  fuel  and  oi*e, 

charged  into  the  blast  furnace,  pass  into  the  pig  ii'on  ? 

28.  Describe  the  method  of  lining  a  Bessemer  converter  with 
a  basic  material,  and  illustrate  your  answer  by  a  sketch. 


Section  III. 

29.  Describe  the  reactions  which  take  place  when  an  aurifei*ou8 
and  argentiferous  sulphide  containing  iron  and  copper,  is 
roasted  with  common  salt. 

30.  Zinc  blende  is  frequently  rich  in  silver;  how  would  you 
separate  this  metal  F 

31.  Yon  are  required  to  separate  the  silver  present  in  a  solution 

of  cnpric  chloride.     What  precipitant,  other  than  metallic 
copper,  would  you  employ  ? 

32.  How  would  you  prepare  a  small   quantity  of   very  pure 

gold? 

Section  IV. 

o3.  What  are  the  principal  reactions  involved  in  the  separation 
of  the  following  metals  from  theii'  ores: — (a)  Tin,  (6) 
Copper,  (c)  Zinc,  and  {d)  Lead. 

34.  Draw  a  comparison  between  the  "roasting"  and  the 
"  refining  "  stages  of  the  Welsh  method  of  copper  smelting. 

35.  Describe  a  process  to  which  a  speise  containing  nickel  and 
cobalt  would  be  subjected,  with  a  view  to  concentrate  the 
speise  and  increase  the  percentage  of  metals. 

36.  In  the  ireatment  of  gold  ores  by  mercury,  large  quantities 
of  mercury  are  lost  by  "  flouring  **  or  "  sickening."  How 
may  this  be  avoided  ? 
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Hononn  Bzamination. 

Thstbuctiohs. 

Bead  the  Oeneral  Interactions  at  the  head  of  the  Elementary 
paper. 

YoJi  are  not  to  attempt  more  than  eighi  questions,  and  in 
these  No.  51  mnst  be  included. 

The  value  attached  to  each  question  is  the  same. 


40.  Give  an  outline  of  the  evidence  which  supports  the  view 
that  metals  can  assume  allotropic  states. 

41.  Describe  a  method  of  preparing  metallic  lead  in  a  state  of 
aggregation  which  renders  it  suitable  for  use  in  secondary 
batteries. 

42.  What  are  the  principal  reactions  by  which  silver  is 
separated  from  its  ores  in  either  the  Patio  process  or  in  pan 
amalgamation  ? 

43.  Illustrate,  b^  means  of  a  sketch,  the  general  arrangement 
of  the  appliances  used  in  the  Newbery-Vautin  chlorination 
process,  and  state  what  advantages  are  claimed  for  the 
process. 

44.  How  would  you  separate  from  the  worn-out  zinc3  of  an 
electrical  battery,  the  mercury  with  which  they  had  been 
amalgamated  ? 

45.  Give  a  brief  description  of  the  principles  upon  which 
Castner*s  process  for  producing  sodinm  depends. 

46.  Describe  any  method  which  has  recently  been  proposed  for 
carburizing  wrought  iron. 

47.  What  explanation  has  recently  been  given  of  the  phenomenon 
of  "  recalescence  '*  in  iron  ? 

48.  Show,  with  the  aid  of  a  sketch,  the  general  arrangement 
of  the  Hasgafvel  furnace  osed  in  the  production  of  wrought 
iron  "  blooms." 

49.  Give  a  sketch  of  the  furnace  used  in  the  Manlies  procjss 
for  "  Bossemerizing "  copper  regulus,  and  state  what 
advantages  are  claimed  for  the  process. 

50.  How  may  copper  be  separated  from  gold  by  a  method  not 

involving  the  use  of  acids  ? 

51.  Name  and  describe  briefly  the  six  specimens  submitted  to 
yoti. 
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SUBJECT  XIZ|).    PBAGTICAL  METALLURGY. 

Paactical  Exauikation. 

Examiner,  PROFESSOR  W,  CHANDLER  ROBERTS- 
AUSTEN,  P.R.S. 

InstruetionB  to  Ocmdtdaies. 
Works  on  Metallorgy  may  be  used. 


Abundant  samples  are  sent  in  eacb  case ;  tbe  amount  to  be 
actoally  used  is  left  to  the  candidate's  discretion. 


Sto&entaxy  Ptage, 

Three  hours  are  allowed  for  this  examination. 


1.  The  candidate  is  required  to  prepare  bard  solder  from  the 
tin  and  lead  given  to  him.  He  is  to  calculate  the 
composition  of  the  alloy  he  produces  from  its  weight. 

2.  The  candidate  is  required  to  form  sulphide  of  antimony 
from  the  antimony  and  sulphur  given  to  him.  He  is  to 
deduce  the  chemical  composition  of  tibe  product  from  the 
increase  in  weight  of  the  antimony. 

Note, — The  candidate  must  place  the  number  of  his  exami- 
nation paper  on  the  products  he  obtains,  and  hand  them  to  the 
Superintendents  of  the  examination,  to  be  returned  to  the 
Department  for  examination. 
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SUBJECT  XIXp.   PRACTICAL  METALLUSGT. 

PuACTtcAL  Examination. 

ExAMiNUR,  PROFESSOR  W.  CHANDLER  ROBERTS- 
AUSTEN,  F.R.S. 

Instructions  to  Candidates. 

Works  on  MetaUorgy  may  be  nsed. 


Abandont  samplos  are  sent  in  eacb  case ;  the  amount  to  be 
actually  used  is  left  to  the  candidate's  discretion. 


Advanced  Stage. 

Four  hours  are  allowed  for  this  examination. 


1.  The  candidate  is  required  to  prepare  "  Qermaa  silver,"  con- 
taining 15  per  cent,  of  nickel,  from  the  three  metals  supplied 
to  him.  He  is  to  calculate  the  composition  of  the  alloy  he 
produces  from  its  weight. 

2.  The  candidate  is  given  a  sample  of  copper  containing 
silver.  He  is  required  to  separate  the  silver  frum  the 
copper,  and  to  determine  the  amount  of  silver  originally 
present  in  the  copper. 

Note. — The  candidate  must  place  the  number  of  hig  examina- 
tion paper  on  the  product  he  obtains  in  the  first  question,  and 
lie  must  wrap  up  in  paper  (bearing  the  number  of  his 
examination  paper)  the  silver  he  obtains  in  the  second 
question.  The  products  are  to  be  handed  to  the  Superin- 
tendents of  the  examination,  to  be  returned  to  the  Depart- 
ment for  examination. 


Hononrs. 

Eiyht  hours  are  allowed  for  this  ejcamincUion. 


1.  The  candidate  is  required  to  determine  the  amounts  of  tin 
and  zinc  in  the  sample  of  bronze  given  to  him. 

2.  The  candidate  is  required  to  determine,  by  the  cyanide  of 
potassium  method,  the  percentage  of  copper  in  the  sample 
of  ore  given  to  hirc.  The  ore  contains  a  metal  which  in- 
terferes with  the  accuracy  of  the  result.  The  candidate 
is  to  describe  the  nature  of  the  ore  and  to  find  by  a  quali- 
tative examination  what  interfering  metal  is  present. 

Note. — None  of  the  Hamplcs  or  products  ai-e  to  be  returned. 
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SUBJECT  XX.    NAVIGATION. 

BxAMiNKR,  Re7.  J.  B.  HARBORD,  M.A. 


General  Instructions. 
If  the  roles  are  not  attended  to,  the  paper  will  be  cancelled. 

Yon  may  take  the  Elementary,  or  the  Advanced,  or  the 
Hononrs  paper,  bnt  yon  mnst  confine  yourself  to  one  of  them. 

In  all  cases  the  number  of  the  question  must  be  placed  before 
the  answer  on  the  worked  paper. 

The  yalue  attached  to  each  question  is  shown  in  brackets 
after  the  question.  But  a  full  and  correct  answer  to  an  easy 
question  will  in  all  cases  secure  a  larger  number  of  marks  than 
an  incomplete  or  inexact  answer  to  a  more  difficult  one. 

You  are  to  confine  your  answers  strictly  to  the  questions  pro- 


Your  name  is  not  given  to  the  Examiner,  and  you  are  for- 
bidden to  write  to  him  about  your  answers. 

The  examination  in  this  subject  lasts  for  three  hours^ 


First  Stage  or  Elementary  Examination. 

Instructions. 

You  are  only  permitted  to  attempt  eight  questions,  viz.,  four 
out  of  each  of  the  sections  into  which  the  paper  is  divided. 


Section  I. 

1.  Define  a  sphere.  What  facts  lead  to  the  conclusion  that 
the  earth  is  approximately  a  sphere  ?  Strictly  speaking, 
what  is  the  figure  of  the  earth  r  Define  great  and  small 
circles  of  a  sphere.  Define  a  degree,  and  mention  its  sub- 
divisions. How  many  degrees  are  there  in  a  great  circle, 
and  how  many  in  a  small  circle  ?  (12.) 

2.  Define  latitude,  longitude,  difference  of  latitude,  difference 

of  longitude. 

A  ship  sails  from  A  to  B  without  changing  her  latitude, 
with  what  does  her  rhumb  line  then  coincide?  A  ship 
sails  from  C  to  D  without  changing  her  longitude,  with 
what  does  her  rhumb  line  coincide  in  this  case  F 
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Define  cottrM  and  disdtnce.  Ll  this  didlfiaoe  generallj 
the  shortest  i-oad  from  one  place  to  another  ?  Mention 
any  case  when  it  is.  (12.) 

8.  Draw  a  compass  card,  inserting  only  the  cardinal  points 
and  those  wnich  are  22^  30'  distant  from  the  cardinal 
points. 

If  the  Tariation  of  the  compass  he  SSP  45'  W.,  indicate 
on  your  fifi^re,  by  the  letters  N'  and  S',  where  the  mag- 
netic north  and  south  would  be. 

How  many  points  are  there  in  the  arc  SS'j  and  how 
many  degrees,  oe.,  in  the  arc  S'B  ? 

Define  deviation.  The  variation  is  oae  point  B,  and  fke 
compass  points  true  north,  what  is  the  amount  of  the 
deviation  r 

Define  leeway.  Under  what  circumstances  is  the  leeway 
greatest  and  when  is  it  least  P  (13.) 

4.  State  clearly  the  principle  which  enables  you  to  obtain  the 

distance  by  the  use  of  the  common  log.     Also  state  clearly 
theprinciple  of  Massey's  and  Walker's  patent  logs. 

What  do  yon  mean  by  sounding  ?  What  are  the  objects 
of  taking  soundings  ?  Describe  the  common  instruments 
used.  (13.) 

5.  What  is  the  use  of  the  Traverse  Table  ?     Describe  it  and 

show  how  it  is  constructed.  (12.) 

6.  What  do  you  understand  by  the    terms    plane    6ai]]ns, 

traverse  staling,  and  middle  latitude  sailing  r 

Give  and  prove  the  formula  for  middle  latitude  sailing. 

(12.) 

Section  II. 

7.  What  distance  must  a  ship  in  latitude  40^  20'  S.  sail  on  the 
parallel  of  latitude  in  order  to  change  her  longitude  by 
10^*30'?  (5.) 

8.  A  ship  sails  from  Easter  Isle  (lat.  27**  10'  S.,  lotog.  109*  25' 
W.),  186  miles,  S.E.  by  S. ;  required  the  latitude  and 
longitude  in.     To  be  worked  by  middle  latitude  method. 

(10.) 

9.  Required,  by  middle  latitude  sailing,  the  course  and  dis- 
tflnce  from  Plymouth  (lat.  50*  22^ N.,  long.  *"  7'  W.)  to 
Cherbourg  (lat.  49'  38'  N.,  long.  1**  37'  W.).  (10.) 

10.  Find  the  latitude  and  longitude  in,  the  ship  having  sailed 
from  a  place  in  lat.  49'  27'  N.,  and  long.  37'  8'  W.,  89 
miles  S.E.  by  S.  by  compass  i  variation  three  points  W., 
deviation  8' 20' E,  (13.) 
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11.  ITind  tbe  compass  course  and  distance  from  Qniloa  (lat. 
8^  41'  S.,  long.  39"  47'  E.)  to  C.  Amber  (lat.  12*'  2'  S., 
long.  49*  25'  B.)  ;  rariation  1 J  point  W.,  deviation  12"  W. 

(13.) 

12.  Find  the  latitude  and  longitudfe  in,  of  a  ship  -^hich  sails 

as  follows,   from  a  place  in   lat.    20°   64'   N.    and  long. 
78°  35'  E. :— 


Trua  coune*. 

Diitanc 

N.E 

20 

S 

68 

s.s.w. 

120 

w 

96 

N.W.^W.    ... 

79 

(14.) 


Second  Stage  or  Advaaoed  Bxaminatlcm^ 

Instructions. 

Bead  the  General  Instructions  at  the  head  of  the  Elementary 
paper. 

You  are  permitted  to  attempt  all  or  any  of  the  questions. 


21.  Compute  the  length  of  a  nautical  mile. 

There  are  two  log-lines  on  board,  the  knot  on  one 
measuring  50  feet  and  on  the  other  44  feet,  and  the  log- 
glass  runs  out  in  28  s.  In  making  land  which  of  these 
two  lines  would  yon  prefer  using,  and  why  ?  Taking  the 
nautical  mile  as  6,080  feet,  find  ^e  error  of  the  knot  On 
each  line.  (20.) 

22.  Describe  the  construction  of  Mercator's  Chart,  and  point 
out  its  special  convenience  for  the  purposes  of  navigation. 

(20.) 

23.  Find,  by  Mercator  sailing,  the  compass  course  and  distance 

(1)  from  Ajaccio  (lat.  41°  55'  N.,  long.  &"  44'  E.)  to  Bar- 
celona (lat.  41^*  22'  N.,  long.  2**  9'  E.)  ;  and  (2)  from 
Barcelona  to  Ajaccio.  Variation  If  points  W. ;  deviation 
for  ship's  head  on  first  passage  f  point  W.,  and  on  return 
passage  j  point  W.  (25.) 

A  ship.  A,  leaves  C.  Farewell  (lat.  59'  42'  N.,long.  45°  16'  W.), 
and  another  ship,  B,  leaves  C.  Wrath  (lat.  58°  30'  N.,  long. 
5**  0'  W.).  How  far  would  each  have  to  sail  on  the  arc  of 
the  great  circle  between  these  two  places,  to  the  vertex  ? 

(30.) 


24. 
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25.  Mention  the  different  methods  employed  for  making  a  Table 

of  Deviations,  and  describe  one  fnllj.  What  is  tbe 
meaning  of  the  terras  Semicircnlar  and  Qnadrantal  Devia- 
tions, and  to  what  canses  are  thej  respectively  dae  ?   (20.) 

26.  Two  ships,  A  and  B,  leave  the  meridian  of  94**  W.  tc^iher, 
A*8  latitude  being  49''  30'  N.,  and  B  s  latitude  being 
39*  23'  N. ;  A  sails  due  east,  and  B  sails  N.E.  by  E. ;  and 
they  meet  in  longitude  20°  W.  Compare  their  rate  of 
sailing.  (25.) 

27.  Give  the  length  of  the  polar  diameter  of  the  earth  and  of 

the  polar  compresion. 

Fmd  in  wbat  latitude  the  arc  of  the  paitkUel  is  f  ths  of 
the  arc  of  the  equator  intercepted  between  the  same 
meridians.  (20.) 

28.  February  6th,  1889,  at  noon,  Gape  St.  Mary,  Madagascar 

(lat.  26°  50'  S.,  long.  45°  0'  E.),  bore  by  compass  N.E. 
(ship's  head  being  south),  distant  10  miles;  afterwards 
sailed  as  by  following  log  account ;  variation  2  points  W. 
Required  the  latitude  and  longitude  in,  on  February  7th  at 
noon.  (40.) 


H. 

K. 

^6th». 

Counes. 

1 

Wind.      1  Leeway 
iPoiDU. 

BamaikA. 

1 
2 
8 
4 
6 
6 
7 
8 

e 

10 

11 

12 

4 
6 
6 
6 

I 

8 
8 
7 
6 

t 

2           South. 

4 

6 

8 

0 

1     '    S.W.byW. 

8 

5 

7    , 

9 

2 

8 

W.byS.  j     1 
W.N.W.      2 

i 

1 

Deviation  5**  E, 
Deviation  9°  E. 

1 

2 

8 

4 

5 

6 

7 

8 

9 

10 

11 

12 

5 
6 

7 
8 
6 
5 
8 
0 
9 
8 
7 
6 

4 
9 
8 
7 
8 
6 
3 
8 
1 
0 
8 
5 

S.S.E. 

W.  by  N. 
S.  by  E. 

West 

Nortli 

N.N.E. 

1 
0 

Deviation  3**  E. 

Deviation  4**  30'  W. 
Deviation  6'  E. 
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Honours  Examinatioii. 

Instructions. 

Road  the  General  Instruotions  at  the  head  of  the  Elemontarj' 
paper. 

You  are  permitted  to  attempt  all  or  any  of  the  questioas. 

41.  Draw  a  portion  of  a  Napier  Deviation  Diagram  extending 

from  the  north  to  the  east  point,  and  the  included  deviation 
curve ;  given  that : 

When  the  ship's  head  is   N.,   the  deviation  is  4*  W. 
N.N.B.  „  „  8^  30'  E. 

E.byK  „  „22°E. 

„  „  E.  „  ,,  20°  E. 

Take  off— 

(1)  The  deviation  when  the  ship's  head  is  N.E.  by  N. 

(2)  The  magnetic  course  corresponding  to  compass  course 

E.N.B. 

(3)  The  compass  course  corresponding  to  magnetic  course 

E.N.E.  (70.) 

42.  In  the  month  of  August,  a  ship  in  latitude  20**  N.,  and 
longitude  65°  W.,  has  indications  of  the  approach  of  a 
revolving  storm,  and  she  at  once  heaves- to.  What  are 
these  indications?  The  wind  is  N.E.  at  the  commence- 
ment of  the  storm ;  what  is  the  bearing  of  the  centre  ? 
The  wind  veers  to  E.N.E.  and  E. ;  on  which  side  of  the 
storm's  path  does  the  vessel  lie  ?  On  what  tack  should  she 
be  hove-to  ?  Give  the  reason.  What  would  indicate  that 
a  ship  lies  in  the  direct  path  of  the  storm's  centre,  and 
what  should  then  be  done  ?  (40.) 

43.  Define  meridional  parts.     Give  and  prove  an  approximate 

formula  for  constracting  a  table  of  meridional  parts.  Is  it 
quite  correct  to  assume  that  degrees  of  latitude  are  the 
same  length  on  every  part  of  the  earth's  surface  ?  If  not, 
state  where  and  why  they  increase  in  length.  (40.) 

44.  In  making  a  survey  of  a  harbour,  two  kno^vn  objects,  A 
and  B,  are  observed  to  be  in  the  same  line  from  the 
position  of  the  observer  S,  the  position  it  is  desired  to  fix  ; 
and  the  angle  B  S  P  is  observed,  P  being  another  object 
whose  position  is  known.  Show  liow  you  can  fix  the 
position  of  S.     What  is  the  use  of  the  station-pointer. 

(40.) 

45.  If  ^  be  the  height  of  the  mast-head  in  feet,  m  the  number 

of  minutes  in  the  mast-head  angle,  D  the  distance  of  the 

573  X  h 

ship  from  the  observer  in  fathoms ;  show  that  D  :;=   

m 

veiy  nearly.  (40.) 

(3867)  I 
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46.  Two  ships,  A  and  B,  leave  together  a  place  L,  and  steam 

direct  for  a  point  P,  20  miles  distant,  L  and  P  being  in 
tbe  same  latitnde ;  A's  conrse,  bj  compass,  is  S.E.  by  E., 
and  her  rate  8  miles  an  hour ;  B*s  course,  by  compass,  is  E. 
by  S.,  and  her  rate  is  6  miles  an  hour.  At  the  end  of  2  honra 
A  observes  the  point  to  bear  by  compa&s  E.  by  S.,  and 
B  observes  it  to  bear  by  compass  E.  Find  the  direction 
and  rate  of  the  current,  and  show  how  the  Traverse 
Table  may  be  used  in  solving  the  problem.  (^O 

47.  Shew  how  to  find  the  position  of  a  succession  of  points  on 
the  arc  of  the  great  circle  joining  two  places.  Of  what 
practical  nse  is  this  problem  ? 

Find  the  position  of  a  series  of  4  points  on  the  great 
circle  joining  C.  Clear  (lat.  61^  25' N..  long.  9'  29'  W.),  and 
C.  Race  (lat.  46"  40'  N.,  long.  53°  3'  W.)  ;  having  given 
lat.  of  vertex  51°  50'  30"  N.,  long,  of  vertex  19*  26'  3(V'  W. 

(40.) 

48.  Construct  a  Mercator  Chart  on  a  scale  of  1*8  inch  to  a 
degree  of  longitude,  extending  from  120°  to  123°  east  longi- 
tude, and  from  63°  30'  to  65^  30'  south  latitude.  Take 
out  the  meridional  parts  for  every  half-degree,  and  draw 
meridians  and  parallels  at  that  interval. 

A  ship  leaves  a  place  A  (lat.  65"*  7'  S.,  long.  120°  52'  E.), 
and  sails  to  B  on  the  following  trne  courses  and  distances : 
N.E.,  47  miles;  N.N.W.,  63  miles;  S.W.  by  S.,  42  miles; 
cast,  27  miles.  Lay  down  the  courses  and  distances,  and 
take  off  the  lat.  in  and  long.  in.  Give  also  the  magnetic 
bearing  of  A  from  B,  the  variation  being  8°  SC  W.    (90.) 


I  SUBJECT  XXI.   NAUTICAL  ASTBOKOMT. 

ExAMiKBH,  Rev.  J.  B.  HARBORD,  M.A. 


Gbnebal  Instructions. 

If  the  mles  are  not  attended  to»  the  paper  will  be  cancfeltedi 

You  may  take  the  Elementary,  or  the  Advanced,  or  the 
Honours  paper,  but  you  must  confine  yourself  to  one  of  them. 

Put  the  number  of  the  qaestion  before  your  answer. 

The  value  attached  to  each  question  is  shown  in  brackets  after 
the  question.  But  a  full  and  correct  answer  to  an  easy  question 
will  in  all  cases  secure  a  larger  number  of  marks  than  an  in- 
complete or  inexact  answer  to  a  more  difficult  one. 
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You  are  to  confine  your  answers  strictly  to  the  questions  pro- 
posed. 

Tour  name  is  not  given  to  the  Examiner,  and  you  are  forbidden 
to  write  to  him  about  your  answers. 

The  examination  in  this  subject  lasts  for  three  hours, 


First  Stage  or  Elementary  Ezamiaatioii. 

You  are  only  permitted  to  attempt  eight  questions,  viz.,  four 
out  of  each  of  the  sections  into  which  the  paper  is  divided. 

Section  I. 

1.  Define  vertical  circles  and  the  prime  vertical.     Draw  a  circle 

to  represent  the  prime  vertical,  and  name  and  indicate 
the  points  where  the  meridian  and  the  horizon  would  cut 
the  circle.  What  are  the  points  called  where  the  meridian 
and  horizon  intersect  each  other  ?  What  is  the  azimuth  of 
a  body  when  it  is  on  the  prime  vertical  ?  (12.) 

2.  Define  the  following  terms,  which  are  found  in  pages  I.  and 

II.  of  Nautical  Almanac : — ^apparent  noon,  mean  noon, 
apparent  time,  mean  time,  equation  of  time.  There  are 
two  places  A  and  B,  A  being  15°  to  the  East  of  B :  explain 
clearly  why,  when  it  is  3  o'clock  at  A,  it  is  2  o'clock  at  B. 

(12.) 

3.  Explain  by  a  figure  what  you  mean  by  the  angular  distance 
between  two  points.  Explain  how  the  sextant  enables  you 
to  measure  an  angular  distance.  What  are  the  two  points 
whose  angnlar  distance  you  measure  when  you  take  the 
altitude  of  the  sun's  lower  limb  ?     Define  index  error. 

(12.) 

4.  Explain  clearly  how  a  chronometer  assists  you  to  determine 
the  longitude  at  sea.  What  observation  with  the  sextant 
do  you  take,  and  what  part  of  the  problem  does  this  enable 
you  to  determine  H     Define  error  and  rate  of  chronometer. 

(12.) 
r».  Define  altitude  of  a  heavenly  body,  and  distinguish  between 
observed,  apparent,  and  true  altitude.  Define  dip, 
refraction,  parallax.  Why  is  it  necessary  to  use  a 
correction  for  semidiameter  in  finding  the  altitude  of  the 
sun?  (1-2.) 

Gv  Prove  the  rule  for  finding  the  azimuth  of  the  sun,  having 
given  his  altitude  and  declination  and  the  latitude  of  the 
place.  Draw  diagrams,  projecting  on  the  horizon  for  the 
following  cases :  (1)  latitude  N.,  declination  N.,  sun  E.  of 
meridian;  (2)  latitude  S.,  declination  N.,  sun  W.  of 
meridian.  (14.) 

(3367)  I  2 
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Section  II. 


7.  January  20th,  1889,  in  longitude  33"*  W.,   tlie  observed 

mendian  altitude  of  the  sun*s  lower  limb  was  23°  lO*  30" ; 
zenith  north  of  the  sun,  index  correction  +  1'  30",  height 
of  eje  above  sea  22  feet.     Required  the  latitude.        (8.) 

8.  June  10th,  1889,   at  6^  25*°  a.in.,  mean  time   nearly,  in 

latitude  40°  20'  N.,  and  longitude  by  account  42"  30^  W., 
when  a  chronometer  showed  9**  45"  50",  the  observed 
altitude  of  the  sun's  L.L.  was  19**  17'  15"  ;  index  correction 
-  3'  0",  height  of  eye  19  feet. 

On  May  30th,  at  noon,  the  chronometer  was  fast  on 
G.M.T.  30>"  20',  and  its  rate  was'  3-8*  gaining.  Required 
the  longitude.  (14j 

9.  April  22nd,  1889,  at  4**  45*  p.m.,   mean  time  nearly,  in 

latitude  36"  40'  10"  N.,  and  longitude  0,  when  a  chrooo- 
meter  showed  5^  30™  12*,  the  observed  altitude  of  the  sun's 
L.L.  was  21"  24.'.  20"  ;  index  correction  -f  4'  10",  height  of 
eye  24  feet.  Required  the  error  of  chronometer  on  S.M.T. 
and  on  G.M.T.  (12.) 

August  6th,  1889,  at  5**  20™  a.m.,  mean  time  nearly,  in 
latitude  30°  30'  S.  and  longitude  67"  40'  K.,  the  sun  rose 
by  compass  E.  10°  20'  N.  The  deviation  of  the  compass 
for  direction  of  ship's  head  being  5"  40'  E.,  find  the  variatioo. 

(12.) 

11.  December  15th,  1889,  at  3*  30™  p.m.,  Greenwich  mean 
time,  in  latitude  50°  20'  N.,  the  observed  altitude  of  the 
sun's  U.L.  in  artificial  horizon  was  17°  40'  20";  index 
correction  —  2'  40".     Required  the  sun's  azimuth.     (12.) 

12.  When  the  sun  was  on  the  prime  vertical,  he  was  observed 
by  azimuth  compass  to  bear  E.N.E. ;  the  variation  at  the 
place,  by  chart,  was  10"  30'  E.  What  was  the  deviation  of 
the  compass  when  the  observation  was  taken  ? 

Find  the  correct  declination  of  the  sun  on  20th  March, 
1889,  when  on  the  meridian  of  a  place  in  longitude 
34"30'E,  (12.) 


10 


Second  Stage  or  Advanced  Examination. 

Ikstructioxs, 

t^ead  the  General  Instructions  at  the  head  of  the  Elementary 

paper. 
You  are  permitted  to  attempt  all  or  any  of  the  questions. 
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21.  Inyestigate  the  method  of  finding  the   latitude  from  tho 

altitude  of  an  object  near  the  meridian,  without  using  the 
estimated  latitude.  (25.) 

22.  Maj  6th,  1889,  in  latitude  bj  account  45''  25'  N.,  longitude 

140*  30'  "W.,  the  following  observations  were  taken  :  — 
App.  time  at  ship  nearly.     Chronometer.    Obs.  Alt.  Mag.  Bearing. 

2»»l2»^p.m.  12»»;{°»5-'    49^*61' 20"     S.W.  f  W. 

4   49    p.m.  2  39  23     24    4   30      W.  ^  K 

The  run  of  the  ship  in  the  interval  was  mag.  south  at 
rate  of  (>  miles  per  hour;  the  chronometer  was  fast  on 
G.M.T.  32™  20-  on  May  1st,  and  its  rate  -7"  losing;  index 
correction  +  3'  40" ;  height  of  the  eye  20  feet.  Required 
the  true  latitude  at  the  second  observation.  (^0.) 

23.  Explain  why  when  the  moon  and  the  sun  have  the  same 
true  zenith  distance,  the  moon  has  a  lower  apparent 
altitude  than  the  sun. 

Define  apparent  distance  and  true  distance  between  two 
heavenly  bodies. 

What  do  you  mean  by  clearing  the  lunar  distance? 
Explain,  by  a  figure,  how  the  formulsB  are  obtained  for 
this  problem. 

How  does  the  lunar  distance  enable  you  to  obtain 
Greenwich  mean  time?  What  else  is  necessary  for  deter- 
mining the  longitude,  and  how  is  it  obtained  ?  (25.) 

24.  April  2oth,  1889,  at  12*»  15™  p.m.,  mean  time  nearly,  in 
latitude  47*"  23'  N.,  and  longitude  by  account  33°  10'  W., 
when  chronometer  showed  1^  58™  17",  the  observed 
altitude  of  Begulus  W.  of  the  meridian,  was  24°  42'  13" ; 
index  correction  -j-  3'  40",  height  of  the  eye  19  feet.  On 
April  5th,  the  chronometer  was  29™  50'3*  slow  on  G.M.T, 
and  its  I'ate  '5  gaining.     Find  the  longitude.  (^^O 

25.  Define  rate  of  chronometer,  and  show  how  it  may  be 
obtained  by  equal  altitudes  of  the  same  star  on  the  same 
side  of  the  meridian  on  different  days. 

Explain  shortly  what  you  mean  by  the  equation  of  equal 
altitudes ;  and  show  that  it  must  be  added  to  or  subti'acted 
fix)m  the  mid-time  shown  by  chronometer,  accoixiing 
as  the  polar  distance  of  the  sun  is  increasing  or  decreasing. 

Show  how  to  find  the  approximate  time  by  chronometer, 
when  au  object  will  have  the  same  altitude  west,  as  it  had 
ea,3t  of  the  meridian.  (25.) 

26.  Juno  10th,    1889,  at    9**  55™  a.m,  mean   time  nearly,    in 

latitude  50**  20'  N.,  and  longitude  20°  10'  W.  A  chrono- 
meter  showed  11**  0™  0',  its  error  being  20"  24*  slow.  Find 
the  true  bearing  of  the  sun. 

The  bearing  of  the  snn  by  compass  was  observed  to  be 
S.S.E.  f  E.;  the  variation  was  SO**  30'  W.  Find  tho 
deviation  for  the  position  of  the  sliip's  head.  (2''>) 
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27.  Explain  cleai'lj  what  tbe  Bemidiameier  of  the  moon  is,  aa 
given  on  page  III.  of  Nautical  Almanac ;  and  show  wlij  it 
is  necessary  to  have  the  table  called  the  *'  Augmentation  of 
the  Moon's  Horizontal  Semidiameter." 

Prove  the  formula 

ass  2  8  cos  — ^^  sin  ^  cosec  (z  —  p) 

where   a    is    the    angmentation,  s  the    horizontal    semi- 
diameter,  p  the  parallax,  z  the  apparent  zenith  distance. 

(25.) 

28.  July  20th,  1889,  in  longitude  40"  30'  W. ;  find  which  bright 

stars,  put  down  in  the  Nautical  Almanac,  will  pass  tbe 
meridian  between  the  hours  of  10  and  12  p.m. 

Find  at  what  time  a  Jjjrvd  will  pass  the  meridian. 

When  on  the  meridian  the  altitude  of  this  star  was 
observed  to  be  42**  8'  20",  bearing  north  ;  index  correction 
—  2'  40" ;  height  of  eye  18  feet.     Required  the  latitude. 

(20.) 


Hononn  Xzamiaatlon. 

Instbxtctioks. 


Bead  the  General  Instractions  at  the  head  of  the  Elementary 
paper. 

You  are  permitted  to  attempt  aU  or  any  of  the  questions. 


41.  August  11th,  1889,  at  12^  40"  a.m.,  mean  time  nearly,  in 

latitude  lO**  30'  N.,  and  longitude  by  account  26"  30'  W., 
the  following  lunar  observations  were  taken : — 

Obe.  Alt.  Jupiter.  Oba.  Alt.  Obs.  dist. 

W.  of  Meridian.         Moon's  L.L.  F.L. 

20^*  56'  16"  58°  48'  6"        48^*  31'  36" 

Ind.  cor.  3  10  -  4  20  -  3     0  + 

Height  of    eye    18    feet.     Find  S.M.T.   from    planet's 
altitude,  and  the  longitude.  (70.) 

42.  Investigate  the  formula  from  which  the  Tables,  in  Nautical 

Almanac,  pp.  477-9,  are  calculated,  used  for  finding  the 
latitude  by  an  altitude  of  Polaris.  ("^O 

43.  At  a  certain  place,  in  north  latitude,  on  the  same  day,  tbe 

hour  angles  of  Pollux  when  on  the  prime  vertical  and  when 
setting,  were  respectively  4"*  13"  5«*  and  &"  41"»  64'.  Find 
the  latitude  of  tbe  place,  and  the  declination  of  the  star. 

(50.) 
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44.  Prove  Ivory's  metbod  for  obtaining  the  latitude  from  doable 
altitades,  with  Kiddle's  extension  for  determining  the 
longitude. 

When  the  sun  is  the  body  observed,  at  what  periods  of 
the  year  would  the  result  be  most  correct,  and  why  ? 

(45.) 

45.  GKven  an  error  in  the  altitude,  find  an  expression  for  the 
corresponding  error  in  the  hour  angle. 

When  has  a  given  error  in  the  altitude  the  least  effect  on 
the  hour  angle  ? 

Find  the  error  in  the  hour  angle  corresponding  to  an  error 
of  3'  in  the  altitude  at  a  place  in  latitude  45**  30' :  (1)  when 
the  body  bears  S.  by  W.,  (2)  when  it  bears  W.  by  S.  (45.) 

46.  Why  cannot  the  exact  value,  at  any  given  date,  of  the 
quantities  tabulated  in  the  Nautical  Almanac,  at  successive 
equal  intervals  of  time,  be  determined  by  interpolating  by 
simple  proportion  ? 

Explain  what  is  meant  by  the  Equation  of  Second 
DifEerences,  and  show  how  to  find  it. 

In  what  practical  problem  may  the  neglect  of  this 
correction  considerably  vitiate  the  reckoning  r 

Find,  by  interpolation  of  second  differences,  the  true 
declination  of  the  sun  at  6^  apparent  time  at  Greenwich, 
on  2l8t  June,  1889.  (50.) 

47.  What  is  about  the  length  of  the  lunar  day,  and  what  is 
the  average  interval  between  two  successive  timea  of  high 
water  at  the  same  place  ? 

Explain  what  is  meant  by  the  priming  and  lagging  of  the 
tide,  and  why  the  former  takes  place  during  the  1st  and 
3rd  quarters  of  the  moon,  and  the  latter  during  the  2nd 
and  4th  quarters. 

Distinguish  between  Vulgar  Establishment  of  the  Port 
and  Corrected  Establishment  of  the  Port. 

Which  of  these  is  it  that  is  registered  on  the  Admiralty 
Charts,  and  what  is  its  use  P 

Give  a  definition  of  the  Establishment  of  the  Port  which 
expresses  the  interval  in  apparent  time. 

Define  Age  of  the  Tide  and  the  Lunitidal  Interval. 

(50.) 

48.  Define  Meridian  Distances.  What  are  Secondary  Meridians, 
and  to  what  practical  use  are  they  applied  ? 

Give  a  formula  for  finding  the  "sea  rate"  of  a  chrono- 
meter when  running  a  meridian  distance  between  A  and  B. 

January  3rd,  18o9,  on  leaving  Madras,  longitude  80°  14' 
E.,  a  chronometer  was  fast  on  Madras  mean  time 
2h  25™  10  •5";  on  January  6th,  on  arriving  at  Cica/:ole,  the 
error  on  mean  time  at  place  was  found  to  be  fast  2**  18°*  14", 
and  on  January  10th,  before  leaving  for  the  return  voyage. 
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tbe  error  was  2**  18™  32"8»  fast ;  on  arriving  again  at 
Madras  on  January  13 th,  the  error  on  mean  time  at  place 
was  2**  26"  0'3'  fast.  Find  the  sea  rate  of  chronometer, 
the  meridian  distance  of  the  two  places,  and  the  longitude 
of  Cicacole.  (50.) 


SUBJECT  XXn.    STEAM. 

Examiner,  PROFESSOR  GOODEVE,  M.A. 


OsKEEAL  Instructions. 
If  the  roles  are  not  attended  to,  the  paper  will  be  cancelled. 

Yon  may  take  the  Elementary,  or  the  Advanced,   or  the 
Honours  paper,  but  yon  must  confine  yourself  to  one  of  them. 

Put  the  number  of  the  question  before  your  answer. 

You  are  to  confine  your  answers  strictly  to  the  questions  pro- 
posed. 

Your  name  is  not  given  to  the  Examiner,  and  you  are  for- 
bidden to  write  to  him  about  your  answers. 

The  examination  in  this  subject  lasts  for  three  hours. 


First  Stage  or  Elementary  Examination. 

Instructions. 

You  are  not  permitted  to  attempt  more  than  six  questions. 

The  value  attached  to  each  question  is  shown  in  brackets 
after  the  qaestion. 


1.  In  an  atmospheric  pumping  engine  how  is  the  injection 
water  and  condensed  steam  got  rid  of?  Sketch  and 
explain  some  of  the  principal  improvements  made  by  Watt 
in  engines  of  this  kind.  0^0 

2.  Describe,  with  sketches,  the  alterations  made  by  Watt  in 
order  to  convert  a  single-acting  into  a  double-acting 
engine.  (15.) 
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3.  What  is  the  latent  heat  of  steam  at  212°  P.  expi'essed  in 
foot-ponnds  ?  If  1  lb.  of  steam  at  212°  F.  is  mixed  with 
10  lbs.  of  water  at  60°  F.,  find  the  I'esulting  temperature. 

(15.) 

4.  Steam  expands  in  the  cylinder  of  an  engine  from  a  pressure 
of  30  lbs.  above  the  atmosphere  to  5  lbs.  below  the  atmos- 

5 here,  at  what  part  of  the  stroke  was  the  steam  cut  off  ? 
he  pressure  of  the  atmosphere  may  be  taken  at  15  lbs. 

(16.) 

5.  Describe,  with  sketches,  the  construction  of  a  horizontal 
direct  acting  engine,  working  with  high  pressuie  steam 
and  without  condensation,  showing  how  the  steam  is 
admitted  into  the  cylinder  and  let  out  again  as  required. 

(20.) 

6.  Define  the  lap  of  a  slide  valve,  and  explain  your  answer  by 
reference  to  a  sketch.  Account  for  the  difference  in  the 
working  of  two  engines,  one  of  which  has  lap  on  the 
steam  side  of  this  valve  and  the  other  has  not.  (1^*) 

7.  Sketch  the  end  of  the  connecting  rod  of  a  locomotive 
engine  which  embraces  the  crank  pin.  Show  clearly  the 
method  of  tightening  the  brasses  on  the  crank  pin  by  a  gib 
and  cotter.  (16.) 

8.  Marine  engines  are  fitted  with  a  so-called  air  pump,  cir- 

culating pump,  feed  pump,  and  bilge  pump.  What  are  the 
respective  uses  of  these  pumps  ?  Show,  with  ft  sketch,  the 
construction  of  any  one  of  them,  and  explain  how  it  acts. 

(15.) 

9.  The  stroke  of  a  direct  acting  engine  is  6  feet  and  the  crank 
shaft  makes  30  revolutions  per  minute,  find  the  mean  speed 
of  the  piston  in  feet  per  minute.  State  your  reasons  for 
concluding  that  there  is  no  loss  of  work  from  the  obliqne 
action  of  the  connecting  rod  during  successive  portions 
of  the  stroke.     Friction  is  neglected.  (15.) 

10.  Why  are  the  longitudinal  joints  in  cylindrical  boilers 
usually  double  rivetted,  while  the  transverse  joints  are  only 
single  rivetted  ?  Sketch  in  longitudinal  section  a  marine 
high  pressure  boiler.  (15.) 

11.  Sketch  and  describe  the  following  safety  valves : — 

(1.)  An  ordinary  lever  valve. 

(2.)  The  Ramsbottom  spring  loaded  valve. 

(3.)  An  ordinary  dead  weight  valve.  (20.) 

12.  Explain  the  principle  of  Watt's  pendulum  governor  for  a 
steam  engine,  and  sketch  the  apparatus.  Why  is  it  im- 
portant that  the  points  of  suspension  of  the  arms  should 
be  near  to  the  vertical  axis  of  rotation  ?  (l*^-) 
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13.  Compare  the  crauk  with  the  eccentrici  Show  that  they 
both  produce  the  same  motion.  State  reasons  for  employ- 
ing one  or  the  other  in  particoJar  cases.  (1^-) 

14.  Sketch  a  longitudinal  sectional  elevation  throngh  the 
cylinder  and  condenser  of  a  trunk  engine,  showing  the  air- 
pnmp  and  valves.  How  are  the  piston  and  trunk  kept 
steam-tight  ?  (20.) 


Beoond  Stage  or  Advanced  Ezamination. 

Instructions. 

Read  the  General  Instructions  at  the  head  of  the  Elementary 
paper. 

You  are  not  permitted  to  attempt  more  than  six  questions. 

The  value  attached  to  each  question  is  shown  in  brackets  after 
the  question.   * 


21.  Make  a  vertical  transverse  section  through  the  nozzles  and 
valves  of  a  Cornish  pumping  engine,  showing  the  positions 
of  the  stop  or  regulating,  steam,  equilibrium,  and  exhaust 
valves  respectively,  together  with  the  ports  of  the  cylinder 
and  the  passages  for  the  distribution  of  steam.  (25.) 

22.  Sketch  and  describe  an  equilibrium  or  balanced  valve,  and 
explain  clearly  the  principle  upon  which  the  balance  is 
obtained.  Where  the  like  construction  is  applied  in  a 
valve  working  in  water,  how  is  the  weight  of  the  valve 
balanced  ?  (25.) 

23.  Describe,  with  sketches,  the  construction  of  an  oscillating 
engine,  and  the  method  of  distributing  the  steam. 

(30.) 

24.  An  engine  working  without  expansion  has  a  piston  of  144 
square  inches  in  area  with  a  12-inch  stroke,  and  the 
number  of  double  strokes  per  minute  is  60.  St^am  is 
supplied  at  a  temperature  of  293*^  F.  (the  volume  of  1  lb.  of 
steam  at  293**  F.  being  7  cubic  feet),  find  the  number  of 
units  of  heat  required  per  minute  for  supplying  the  steam 
from  water  nt  60°  F.  (25.) 

25.  In  a  direct  acting  engine  the  crank  is  2  feet  in  length,  and 

the  connecting  rod  is  8  feet ;  i^Ad  the  distance  in  inches  of 
the  piston  from  the  middle  point  of  its  stroke,  when  the 
crank  is  at  90°  from  a  dead  centre.  (20.) 
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26.  Sketch  a  section  through  the  eccentric,  slide  valve,  and 
ports  of  a  horizontal  high  pressure  st^am  engine,  working 
with  a  flat-faced  locomotive  D  valve,  without  lead,  and 
cutting  off  steam  at  '5  of  the  stroke.  What  alteration 
should  be  effected  in  order  that  the  steam  maj  be  cut  off 
when  the  piston  haa  completed  '7  of  its  stroke,  there  still 
being  no  lead  ?  (30.) 

27.  Sketch  Stephenson's  double  eccentric  and  link  motion, 
name  the  several  parts,  and  explain  its  action  upon  a  slide 
valve.  (35.) 

28.  Sketch  a  section  through  the  cylinders  and  valve  of  a 
compound  engine  where  one  valve  placed  between  the 
cylinders  is  used  for  the  distribution  of  the  steam.  Explain 
the  action  of  the  valve  by  any  sketches  which  may  be 
necessary.  (30.) 

29.  Describe  some  form  of  gauge  for  indicating  steam  pressure, 
and  explain  the  principle  of  its  action.  How  is  such  a 
gauge  tested  for  accuracy  ?  (25.) 

30.  Show  by  sketches  and  also  explain  the  effect  on  an  indicator 
diagram  of: — 1°,  a  leaky  piston;  2°,  contracted  steam 
passages ;  8°,  a  leaky  condenser ;  4",  deficiency  of  lap  in 
the  slide  valve ;  5**,  deficiency  of  lead.  (35.) 

31.  Why  do  ordinary  steam  boilers  fail  to  otilize  a  large  pro- 
portion of  the  heat  developed  in  the  complete  combustion 
of  the  fuel  employed  ?  Sketch  a  longitudinal  section 
through  the  fire  box  and  tubes  of  a  high  pressure  boiler. 
Describe  the  construction  of  the  boiler,  and  show  the 
method  of  staying  the  portions  most  likely  to  give  way 
under  pressure.  (35.) 

32.  In  a  cylindrical  steam   boiler  prove  the  formulsB  for  the 

forces  tending  to  produce  rupture  of  the  material  in  the 
circumferential  and  longitudinal  directions.  (25.) 

33.  The  travel  of  a  slide  valve  is  5j  inches,  the  outside  lap  1^ 
inches,  the  lead  -^  inch,  and  the  exhaust  lap  ;^  inch,  also 
the  cut  off  is  at  f  of  the  stroke  ;  determine  the  angle  of 
advance  of  the  eccentric,  and  give  the  maximum  openings 
for  steam  and  exhaust,  assuming  that  the  steam  ports  are 
2:^  inches  wide.  (35.) 

.'>^.  Sketch  a  section  through  the  thrust  block  of  a  screw  pro- 
peller, and  state  the  materials  employed  for  the  different 
parts.  Explain  clearly  the  principle  of  construction  and 
tlie  difficulties  to  be  overcome.  (30.) 
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35.  Compare  the  methodfl  of  working  adopted  in  tbe  Lenoir 
and  Otto  gas  engines.  Sketch  and  explain  the  forms  of 
indicator  diagram,  exhibiting  the  successive  operations  in 
each  type  of  engine.  (25.) 

36.  Describe,  with  sketches,  the  slide  valve  of  the  Otto  engine, 
and  give  a  clear  explanation  of  the  manner  in  which  the 
charging  of  the  cylinder  with  gas  and  air  is  provided  for. 

(35.) 

37.  Describe  the  pendnlnm  governor  of  the  Otto  engine,  and 
point  ont,  by  reference  to  sketches,  the  manner  in  which  it 
acts.  (25.) 


Honoun  Bzaxnination. 

Instructions. 

Read  the  General  Instrnctions  at  the  head  of  the  Elementary 
paper. 

Yon  are  not  permitted  to  attempt  more  than  «ue  questions. 

The  valae  attached  to  each  question  is  shown  in  brackets  aft^r 
the  question. 


41.  Under  what  circumstances  are  balanced  slide  valves  em- 
ployed ?  Sketch  and  describe  a  balanced  slide  valve  for 
the  high  pressure  cylinder  of  a  triple  expansion  engine. 

(60.) 

42.  A  steam  engine  with  a  cylinder  of  d  inches  in  diameter, 
receives  steam  at  80  lbs.  absolute  pressure  per  square  inch, 
and  the  cut  off  is  at  ^  of  the  stroke.  Find  an  expression 
for  the  diameter  of  the  cylinder  of  another  engine  with  the 
same  stroke  and  piston  speed  which  develops  the  same  horse 
power  as  the  first  engine,  but  which  cuts  off  the  steam  at  | 
stroke.  What  would  be  the  relative  maximum  stresses  on 
the  crank  pin  and  crank  shaft  of  the  two  engines  when 
both  transmit  the  same  power,  the  inertia  of  the  recipro- 
cating parts  and  the  obliquity  of  the  connecting  rod  being 
neglected  ?  (60.) 
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4:3,  Describe,  with  skeicbes,  Meyer's  variablo  expansion  valve. 
In  an  engine  fitted  therewith  the  steam  is  cut  off  by  the 
main  or  distribution  valve  at  |  of  the  stroke,  the  valve 

having  a  lead  of  q^  inch,  and  the  travel  of  the  valve  being 
5  inches.  Find  the  angle  of  advance,  travel,  and  lap  of  the 
main  valve.  Set  ont  and  explain  a  diagram  giving  the 
relative  motion  of  the  naain  and  expansion  valves.     (75). 

44.  Make  a  clear  sketch  of  Joy's  valve  gear  as  applied  to  a 
locomotive  or  other  engine  and  explain  the  manner  in  which 
the  reversal  of  the  engine  is  effected.  Why  does  the  lead 
remain  constant  throughout  Y  (65.) 

45.  What  physical  law  is  expressed  by  the  formulaa  pv  =  Bt. 

Given  B  =  53'2  foot  pounds  in  the  case  of  air ;  find  its 
value  for  superheated  steam,  whose  density  as  compared 
with  air  is  '622,  and  deduce  the  numerical  value  of  the 
exponent  in  the  equation  to  tfie  curve  for  the  adiabatic 
expansion  of  superheated  steam.  (60.) 

46.  Investigate  fully  the  conditions  under  which  a  heat  engine 
working  between  given  temperatures  shall  perform  the 
greatest  amount  of  work  possible.  What  are  the  obstacles 
met  with  in  the  endeavour  to  fulfil  these  conditions  in  a 
steam  engine  ?  (75.) 

47.  Describe,  with  sketches,  the  arrangement  of  cylinders  in 
some  form  of  compound  locomotive  engine.  Sketch  also 
a  section  through  the  Trick  or  Allen  valve  for  a  high 
pressure  cylinder,  and  explain  its  action.  How  are  the 
reversing  gears  arranged  ?  (60.) 

48.  What  would  be  the    probable    consumption  of   fuel  per 

I.  H.  P.  per  hour  in  the  most  approved  **  simple  con- 
densing" and  "triple  expansion,"  engines  respectively? 
State  succinctly  what  are  the  differences,  if  any,  in  the  initial 
or  boiler  pressures,  in  the  grades  of  expansion,  and  in  the 
construction  of  the  slide  valves  of  each  cylinder  of  the 
triple  engine,  as  compared  with  the  single  form,  in  order 
to  obtain  higher  efficiency  in  the  compounded  engine. 
What  reasons  do  you  assign  for  the  better  result  in  the 
compound  engine  ?  (65.) 

49.  State  genei*ally  the  principle  adopted  in  the  cycle  of  opera- 
tions of  the  Otto  gas  engine  and  the  reasons  why  it  works 
so  advantageously.  Describe  also  and  sketch  the  arrange- 
ment of  vsJves  and  passages  which  sei've  to  admit  gas  and 
air  in  the  proper  proportions  and  to  discharge  the  waste 
products  from  the  cylinder.  (60.) 
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SUBJECT  XXUL     FHTSIOORAFEY. 

Eaxminees,    PKOFESSOR    JOHN   W.    JUDD,    I'.R.S., 
AND  PROFESSOR  J.  NORMAN  LOOKYBR,  F.R.S. 


General  Instructions. 
If  the  rules  are  not  attended  to,  the  paper  will  be  cancelled. 

You  may  take  the  Elementary,  or  the  Advanced,  or  the 
Honours  paper,  but  jou  must  confine  yourself  to  one  of  them. 

Put  the  number  of  the  question  before  your  answer. 

You  are  to  confine  your  answers  strictly  to  the  questions 
proposed. 

Your  name  is  not  given  to  the   Examiners,  and  yon  are 
forbidden  to  write  to  them  about  your  answers. 

The  examination  in  this  subject  lasts  for  three  hours. 


First  Stage  or  Elementaary  SzaminatioiL 

Instkuctions. 
You  are  pei*mitted  to  attempt  only^^t'^  questions. 
The  value  attached  to  each  question  is  the  same. 


1.  Name  fice^  very  common,  rock- forming  minerals,  and  slate 

what  chemical  elements  are  present  in  each  of  them. 

2.  What  differences  occur  in  the  apparent  paths  of  the  stars 

across  the  sky,  as  we  proceed  from  the  Equator  to  the 
Pole  ?     What  is  the  cause  of  this  difference  ? 

3.  Explain  the  chief  reasons  why  mercury  is  the  liquid  usually 

employed  in  the  construction  of — 

(a.)  Barometers. 
(b.)  Thermometers. 

4.  Explain  by  diagrams  why  the  sun  appears  high  in  the  sky 

at  noon  in  summer  and  low  at  noon  in  winter. 
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5.  How  can  tlie  weight  of  air  be  determined  ?     In  what  way  is 

the  pressure  exercised  by  the  atmosphere  on  the  earth's 
.surface,  in  consequence  of  its  weight,  stated  ?    How  is  it 
that  we  are  able  to  move  abont  under  the  weight  of  the 
atmosphere  ? 

6.  What  is  sidereal  and  what  is  mean  time  ? 

7.  State  the   grounds  on  which  it  is  inferred   that  volcanic 

erruptions  take  place  throagh  fissures  in  the  earth's  crust. 

8.  Describe  shortly  the  construction  of  an  achromatic,  astro- 

nomical telescope. 


Second  Stage  or  Advanced  Examination. 

Instructions. 

You  are  permitted  to  attempt  only  Jive  questions. 
The  value  attached  to  each  question  is  the  same. 


21.  What  is  mieant  by  the  proper  motions  of  the  stars,  and  how 

has  the  distance  of  certain  stars  been  ascertained  P 

22.  Explain  the  precautions  necessary  in  determining  the  tem- 

perature of  the  earth's  crust  at  different  depths — 

(a.)  In  mines  and  tunnels. 
(6.)  In  wells  and  bore-holes. 

23.  What  is  meant  by  magnetic    declination   and   inclination 

respectively,  and  how  may  each  be  observed  ? 

24.  What  are  isotherms  ?  What  are  the  data  required  for  draw- 

ing them  upon  a  globe  ?     Why  do  isotherms  vary  from 
parallels  of  latitude  ? 

25.  The  sun's  attraction  at  the  earth's  snrface  is  much  greater 

than  that  of  the  moon,  yet  the  moon  is  the  more  important 
agent  in  producing  tides^    State  the  exact  reason  of  this. 

26.  Explain  the  ordinary  method  used  in  determining  the  **  mean 

annual  rainfall "  of  a  place,  and  state  the  chief  sources  of 
error  in  the  observations  which  have  to  be  made. 

27.  State  what  you  know  about  Nebulae. 

28.  What  do  you  known  about  the  Foraminifera  and  the  part 

which  they  play  in  building  up  rock-masses. 


Digitized  by  VjOOQIC 


1 H  XXIU.— PHYSIOGRAPHY. 

Honours  Examination. 

Instructions. 
Yuu  are  permitted  to  attempt  all,  or  any,  of  the  questions. 
The  value  attached  to  each  question  is  the  same. 

41.  How  has  the  mass  of  the  moon  been  determined  from  luni- 

solar  precession  ? 

42.  Describe  some  recent  results  obtained  by  means  of  long- 

exposure  photographs  of  the  heavenly  bodies. 

43.  What  are  geoisothenns  ?     State  what  you  know  concerning 

the  position  of  those  within  the  earth's  crust. 

44.  Describe  Ihe  different  methods  which  have  been  debased  for 

recording   the  duration   and   intensity  of  sunshine   on 
difEerent  days. 

45.  Give  an  account  of  the  results  which  have  been  obtained  by 

recent  researches  in  connection  with  one  of  the  following 
subjects : — 

(a.)  Laplace's  Hypothesis  of  the  Origin  of  the  sun 

and  planets. 
(6.)  The  transmission  of  great  air-waves  during 
volcanic  outbursts  of  exceptional  violence. 


SUBJECT  XXIV.     PBINCIPLES  OF 
AOBICnLTUEE. 

ExAMiNEKS,  PROFESSOR  HENRY  TAIWER,  M.R.A.C., 
F.C.S.,  and  PROFESSOR  JOHN"  WRIQHTSON, 
M.R.A.C.,  F.C.S. 

General  Instructions. 
If  the  Rnles  are  not  attended  to,  the  paper  will  be  cancelled. 

You  may  take  the  Elementaiy,  or  the  Advanced,  or  the 
Honours  paper,  but  you  must  confine  yourself  to  one  of  them. 

Put  the  number  of  the  question  before  your  answer. 

You  are  to  confine  your  answers  strictly  to  the  questions  pix)- 
posed. 

Your  name  is  not  given  to  the  Examinei's,  and  you  are  for- 
bidden to  write  to  them  about  your  answers. 

^Fhe  examination  in  this  subject  lasts  for  three  hours. 
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First  stage  or  Elementary  Examination. 

Ikstructions. 

You.  are  permitted  to  attempt  only  eight  questions. 

Each  question  admits  of  an  answer  carrying  an  equal  number 
of  marks. 


1.  Name  nine  constituents  of  a  fertile  soil  whicli  are  taken  up 

by  plants. 

2.  Wby  are  clay  soils  usually  ricb  P     What  are  the  causes  of 

barrenness  in  sandy  and  peaty  soils  ? 

3.  Why    is    farmyard    manure    univerally    esteemed    as    a 

fertiliser  ? 

4.  Jetbro  Tull  found  tbat  be  was  able  to  grow  wheat  year  after 

year  without  manure,  provided  that  he  thoroughly  tilled 
the  soil.  Explain  this  fact,  and  say  upon  what  descrip- 
tions of  soil  such  a  course  might  be  adopted  with  success. 

5.  Give  a  three-course,  a  four-course,  and  a  five-course  rotation 

of  crops. 

6.  Why  are  turnips  and  straw  a  good  combination  of  foods  for 

cattle  ? 

7.  What  substances,  and  in  what  quantities,  would  you  add  to 

turnips  and  straw  in  order  to  more  quickly  fatten  a 
bullock? 

8.  At  what  periods  of  the  year  would  you  sow  wheat,  barley, 

winter  vetches  (tares),  winter  beans,  mangle  wurzel, 
swedes,  and  white  turnips  ?  In  answering  this  question 
state  what  particular  district  or  locality  you  have  in 
view. 

9.  How  would  you  judge  wheat  and  barley,  respectively,  to  be 

fit  to  cut  ?  On  what  considerations  is  the  difference  of 
practice  in  cutting  these  two  cereals  based  ? 

10.  Why  is  a  com  crop  more  exhausting  to  the  land  than  a  root 

crop  ?     Is  this  invariably  the  case  P 

11.  What  are  the  advantages  of  steam  cultivation  over  ordi- 

nary horse  tillage  P  Are  these  advantages  more  likely 
to  be  realised  on  "heavy"  or  on  "light"  soils,  and  why  ? 

12.  Show,  by  examples  taken  from  the  practice  of  good  farmers, 

that  light  land  requires  to  be  rendered  firm  or  solid  before 
it  is  fit  to  grow  com  crops. 


(3867)  K 
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Seoond  Stage  or  Advaxieed  Bxaminatioxu 

Instructions. 

Bead  the  Gtoneral  InBtmctionB  at  the  head  of  the  Elementaiy 
paper. 

Tou  are  permitted  to  attempt  only  six  qnestions. 

Each  question  admits  of  an  answer  carrying  an  eqaal  number 
of  marks. 


21.  Certain  mineral  matters  are  known  to  be  necessary  as  plant- 

food.     Is  a  soil  always  fertile  when  such  plant-food  is 
present  P    If  not,  why  notP 

22.  What  proof  is  there  that  different  crops  require  different 

supplies  of  plant-food  P 

23.  What  are  the  conditions  necessary  for  the  production  of 

farmyard  manure  in  its  best  condition  P 

24.  In  what  respects  have  superphosphates  and  reduced  super- 

phosphates a  similarity  of  inflaence  on  crops,  and  wherein 
do  they  differ  P 

25.  What  principles  should  regulate  the  use  of  lime  as  a 

fertiliser? 

26.  How  is  plant-growth  influenced,  (a)  favourably,  and  (b) 

unfavonrably,  by  water  in  or  upon  the  soil  ? 

27.  Oive  instances  of  good  and  bad  rotations  of  crops,  explaining 

why  you  consider  them  "  good  "  and  "  bad  *.'  respectively. 

28.  What  principles  would    guide    you    in    determining  the 

shelter  which  is  necessary  for  the  proper  care  of  farm 
stock  P 

29.  How  does  regularity  in  the  supply  of  proper  food,  influence 

the  meat  produced  by  its  use  P 

30.  What  do  you  understand  by  the  food  of  stock  being  com- 

plete in  its  character  P 

31.  How  would  yoQ  conduct  the  operation  of  churning,  and  in 

what  way  should  the  butter  be  treated  when  removed  from 
the  chum  P 

32.  What  are  the  conditions  which  are  absolutely  necessary  for 

the  successful  hatehing  of  eggs  P 

33.  What  advantages  result  from  keeping  bees  on  a  farmP 

State  (very  briefly)  the  system  you  would  adopt  for 
securing  these  advantages  P 
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Honours  Examination. 

Instructions. 

Read  the  Qeneral  Instmctions  at  the  head  of  the  Elementary 
paper. 

You  are  not  to  attempt  more  than  six  qnestions  in  this  paper. 

Each  question  admits  of  an  answer  caiTjing  an  eqnal  number 
of  marks. 


41.  If  a  linseed  cake  contain  28'1  per  cent,  of  albuminoids,  12 

per  cent,  of  fat,  and  30*3  per  cent,  of  soluble  carbo- 
hydrates, what  will  be  the  albuminoid  ratio  of  the  cake  in 
question  ? 

42.  Prescribe   a  combination    of  foods  which   shall  preserve 

approximately  the  most  suitable  albuminoid  ratio  (1)  for 
growing  cattle,  (2)  for  fattening  cattle. 

43.  Name  the  most  important  changes  in  the  composition  of 

cattle  and  sheep  which  take  place  during  the  ^ttening 
process. 

44.  Briefly  describe  the  following  breeds  of  cattle. 

(1)  Shorthorns; 
?2)  Herefords; 

(3)  Devons; 

(4)  Angna,  or  Aberdeens ; 

(5)  Ayrshires; 

(6)  Sussex. 

46.  What  are  the  chief  objections  to  growing  root  crops  on 
clay  land  ?  and  what  means  would  you  suggest  for  crop- 
ping such  lands,  with  a  view  to  maintaining  live  stock 
and  at  the  same  time  continuing  to  grow  wheat  and  other 
grain  crops  in  rotation. 

46.  Upon  what  principle  is  the  system  of  deep  setting  of  milk 

founded  P  Describe  a  good  system  of  deep  setting  of 
milk. 

47.  Fully  describe  a  good  system  of  making  butter.     In  answer- 

ing this  question  you  are  to  mention  the  most  modem 
appliances  employed  in  making  high-class  batter. 

48.  Describe  the  process  of  ensilage  as  carried  out  in  silos  and 

in  stacks,  and  clearly  point  out  how  the  process  may  be 
regulated  so  as  to  make  sour  and  sweet  silage. 

49.  What  scientific  reasons  would,  in  your  estimation,  regulate 

the  period  for  cutting  grass  for  hay,  consuming  fodder 
crops,  or  harvesting  corn  crops? 
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50.  Prescribe  suitable  dressings  of  manure,  giving  tbe   quan- 

tities per  acre  and  times  of  application  for — 
(1)  Swedish  turnips; 

!2)  Mangel  warzel; 
3)  Wheat; 
(4)  Grass  land. 

51.  Why  is  the  percentage  given  of  albuminoids  in  analyses  of 

root  crops  to  be  received  with  caution  ?  Why  is  the 
proportion  given  of  fat  in  analyses  of  root  crops  to  be 
distrusted  ? 

52.  Give  some  reasons  for  and  against  the   liberal    use    of 

'*  roots  "  as  a  food  for  cattle  and  sheep. 


SUBJECT  XZV.    HYGIENE. 

BxAMi»BR,  Pkofessob  W.  H.  CORFIELD,  M.A.,  M.D.  (Oxoir;. 


Gkitbr^l  Instructions. 
If  the  roles  are  not  attended  to,  the  paper  will  be  cancelled. 


You  may  take  the  Elementary,  or  the  Advanced,  or  the 
Honours  Paper,  bat  you  must  confine  yourself  to  one  of  thera. 
All  candidates  in  the  Elementary  or  in  the  Advanced  Stage 
are  required  to  answer  the  questions  in  Elementary  Human 
Physiology. 

Put  the  number  of  the  question  before  your  answer. 

You  are  to  confine  your  answers  strictly  to  tho  questions  pro- 
posed. 

Yonr  name  is  not  given  to  the  Examiner,  and  you  are  for- 
bidden to  write  to  him  about  your  answers. 

The  examination  in  this  subject  huts  for  three  hours. 
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Elementary  Hnxnan  PhyBiology. 

a.  GiYO  a  brief  deBcription  of  tbe  heart,  and  deecribe  its 
aotion. 

h.  Describe  tbe  stractnre  of  tbe  stomacb  and  the  process  of 
digestion  in  it. 


Virst  Stage  or  Elementary  Ezamiaation. 

Insteuctions. 

^   Bead  the  (Jeneral  Instractions  on  page  1. 

Toumtist  answer  the  questions  on  Elementary  Human  Physiology^ 
and  jon  are  also  permitted  to  attempt  six,  bat  not  more  than  six, 
of  the  following  questions. 

The  same  yalne  is  attached  to  each  question. 


1.  What  are  the  carbohydrates  P  How  are  they  disposed  of 
in  the  system?  What  are  the  chief  foods  containing 
them  ?: 

2.  What  are  the  characteristics  of    good  drinking  water? 

From  what  sources  is  such  water  obtained  ? 

^3.  How  may  water  stored  in  cisterns  become  impure  ? 

4.  What  impurities  in  air  are  caused  by  various  manufacturing 
processes  ? 

5.  Describe  some  simple  methods  of  ventilating  rooms.  Illus- 
trate your  answer  by  sketches. 

6.  Why  does  the  ground  under  houses  require  to  be  drained  ? 
What  is  meant  by  a  damp-proof  course. 

7.  What  is  soap  ?     Of  what  use  is  it  in  cleansing  the  skin  ? 

8.  In  what  various  ways  may  the  action  of  the  bowels  be 
promoted  ?     What  is  the  importance  of  this  ? 

9.  What  are  the  most  important  substances  contained  in  the 

tea-leaf  ?    How  should  good  tea  be  prepared  ?    What  is  its 
aotion  on  the  system  ? 

10.  Describe  Sylvester's  method  of  inducing  artificial  respiration. 
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Beoond  Stage  or  AdTanoed  Examination. 

Instructions. 

Bead  the  General  Instmctioiifl  on  page  1. 

Tou  must  answer  the  questions  on  Elementary  Human  Thysiology^ 
and  jon  are  also  permitted  to  attemj^t  four,  but  not  more  than 
four,  of  the  following  questions. 

The  same  value  is  attached  to  each  question. 


21.  What  are  the  quantities  of  food  substances   (proximate 

constituents)  in  the  following  diet  ?  Lean  beef,  6  osl  ; 
bread,  20  oz. ;  potatoeF,  10  oz. ;  Milk  10  oz. ;  and  water, 
50  oz.     Is  it  an  economical  diet  or  not  P 

22.  Describe  the  intermittent  system  of  water  service.  What 
are  its  advantages  or  disadvantages  as  compared  with  the 
constant  system  P 

23.  What  are  the  methods  of  ventilation  by  aspiration  P     State 

their  advantages  and  disadvantages. 

24.  What  are  the  uses  of  soil-pipes  P  How  should  they  be 
constructed,  ventilated,  and  connected  with  the  house-drainP 
Illustrate  your  answer  by  sketches. 

25.  Describe  in  detail  a  grate  or  stove  provided  with  an  arrange- 
ment for  the  introduction  of  warm  fresh  air. 

26.  How  much  air-space  and  how  much  floor-space  per  head 
would  you  provide  for  in  a  school-room  P  How  would  yon 
arrange  the  lighting  P 

27.  What  are  the  causes  of  Rheumatic  Fever  P     What  are  its 

dangers?  What  precautions  should  be  taken  during 
convalescence  P 
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Honours  BzaxninatioxL 

Instructions. 

Bead  the  General  Instraotions  on  page  1. 

Yoa  are  permitted  to  attempt  only  four  questions. 

The  same  value  is  attached  to  each  question. 


41.  Describe  in  detail  the  precautions  to  be  taken  in  laying 
a  house-drain. 

42.  What  are  the  processes  employed  at  *'  Alkali- works  "  P 

What  nuisances  may  be  caused  by  them,  and  how  may  they 
be  preyented  ? 

43.  What  are  the  provisions  of  the  Public  Health  Act  for  the 
prevention  of  the  spread  of  infectious  diseases  ? 

44.  What  is  an  Artesian  Well  P     State  the  various  geological 

conditions  under  which  it  is  advantageous  to  sink  such  a 
well.     What  are  the  characters  of  the  waters  ob^>ained  P 

45.  What  are  the  distinctions  between  typhus  and  typhoid 

fevers  P    Contrast  the  methods  of  prevention  to  be  adopted. 

46.  What  fallacies  must  be  guarded  against  in  using  mortality 
statistics  for  comparative  purposes  P  The  population  of 
one  district  being  20,000,  and  its  death-rate  30  per  1,000 
per  annum,  and  that  of  another  30,000,  with  a  death-rate 
of  20  per  1,000  per  annum,  what  is  the  death-rate  of  the 
combined  districts  P 
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